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dated Noy- 164k 1926 


REPORT OF JOINT BOARD OF ENGINEERS 


ON 


ST. LAWRENCE WATERWAY PROJECT 


1. The Joint Board of Engineers appointed by the Governments of the 
United States and Canada presents herein its report on the improvement of the 
St. Lawrence River between Lake Ontario and Montreal, and on related questions 
referred to it by the two countries. 


2. The report is subdivided into the following parts:— 


Part I—Constitution of Board; Instructions to Board; General Description 
of Great Lakes and St. Lawrence; Prior Reports; Work Done by 
Board. 


Part II—The Great Lakes; Existing Diversions and their Effects; Remedial 
Measures; The Cost of Improving the Lake Channels to conform to 
the Improvement of the St. Lawrence. 


Part IJ1I—Improvement of the St. Lawrence above Montreal; The Plans 
Recommended by the Board for Improvement for Navigation and 
Power. 


Part IV—The St. Lawrence at and below Montreal; Effect of Diversions; 
Remedial Measures; Effect of the Proposed Improvement of the Upper 
St. Lawrence on the Lower River. 


Part V—Specific Answers to Questions contained in the Instructions to the 
Board. 


45827—13 
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PART I 


CONSTITUTION OF THE BOARD 


3. The President of the United States appointed, on March 14, 1924, a 
national committee of nine members, designated as the St. Lawrence Commis- 
sion of the United States, having as its chairman the Hon. Herbert Hoover, 
Secretary of Commerce, to act as an advisory committee to the Government on 
all questions that might arise in the consideration of the project for the improve- 
ment of the St. Lawrence. 


4. The Government of Canada on May 7, 1924, appointed a National 
Advisory Committee of nine members, having as its chairman the Hon. George 
Perry Graham, Minister of Railways and Canals, to advise that Government 
on the matters relating to the project. 


5. Following a recommendation of the International Joint Commission in 
a Report on the Improvement of the St. Lawrence River, dated December 19, 
1921, it was agreed by the two countries that a Joint Board of Engineers, con- 
sisting of three members representing Canada and three members representing 
the United States, should be constituted to review the plans then formulated and 
to report on additional related matters referred to it with the mutual approval 
of the two countries. 


6. The United States Government designated as members of the United 
States Section of the Board and as advisers to the St. Lawrence Commission 
of the United States, the following officers, assigned to that duty by orders of the 
War Department, dated April 2, 1924:— 


Major General Edgar Jadwin, Chief of Engineers (then Colonel, Corps 
of Engineers). 

Colonel William Kelly, Corps of Engineers. 

Lieut.-Col. George B. Pillsbury, Corps of Engineers. 


7. The Government of Canada appointed on recommendation of the Privy 
Council, approved by the Governor General, May 7, 1924, the following mem- 
bers of the Canadian Section of the Board, who also act as advisers of the 
National Advisory Committee of Canada:— 


Mr. Duncan W. McLachlan, of the Department of Railways and Canals, 
Ottawa. 


Mr. Olivier O. Lefebvre, Chief Engineer Quebec Streams Commission, of 
Montreal. 
Brig.-General Charles Hamilton Mitchell, C.B., C.M.G., of Toronto. 


8. INsTRUCTIONS TO BoarD. The instructions to the Joint Board of Engi- 
neers were agreed to by the two Governments by an exchange of notes dated 
February 4 and March 17, 1925, and are as follows:— 


The Governments of Canada and the United States have accepted the recommendation, 
made by the International Joint Commission in its report dated December 19, 1921, that 
the question of the development of the St. Lawrence river for navigation and for the supply 
of power be referred to an enlarged joint board of engineers. 

It is desired that the new board should review the report dated June 24, 1921, made 
by the late Mr. W. A. Bowden and Col. W. P. Wooten, and that it should extend its 
inquiries to certain additional matters with a view to supplying the technical information 
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likely to be relevant to the proposals made in the report of the International Joint Com- 
mission above referred to. The new board is therefore charged at this time with reporting 
upon the following :— 


1. Is the scheme for the improvement of the St. Lawrence waterway, presented by the 
board in its report of June 24, 1921, practicable and does it provide to the best advantage, 
at this time and ultimately, for the development of the capacities and possibilities of the 
waterway? 


2. What alternative scheme, if any, would be better adapted to secure the ends desired, 
due consideration being given,— 
(a) To any special international or local interests having an importance justifying 
exceptional consideration; and 
(b) To the extent and character of the damage through flooding and the probable 
effect of the works upon the formation of ice and the consequent effect on the 
flow of the river? 


3. Should the estimates of cost be revised and, if so, what are the revised estimates of 
cost having regard to alternative schemes? 


4. In order to assist either Government to allocate the amounts chargeable to naviga- 
tion and power, what would be the respective estimated costs for improving the river for 
navigation alone and for power alone? 


5. To what extent may water levels in the St. Lawrence river at and below Montreal, 
as well as the river and lake levels generally, be affected by the execution of the project? 


6. (a) To what extent and in what manner are the natural water levels in the St. Law- 
rence river and on the lakes affected by diversions authorized by license by either 
Canada or the United States, from or in the St. Lawrence river watershed? 

(b) By what measures could the water levels or navigable depths affected by the 
diversions referred to in section 6 (a) be restored, “and what would be the cost 
thereof? 

(c) How much power could be developed on the St. Lawrence river with the water 
diverted from the watershed referred to in section 6 (a) under— 


(1) The plans recommended. 
(2) Alternative plans providing for a full practical development of the river? 


(d) Without considering compensation by the present relative diversions of water from 
the Niagara river and from lake Erie, and: without prejudice to a future consider- 
ation thereof, what works, if any, could be constructed to recover on the St. Law- 
rence river the amount of power determined under section 6 (c), and what would 
be the cost of such works? 


_ 4%, Having regard to economy of construction and maintenance, expedition of construc- 
tion and efficiency of operation,— 
(a) Which of the works should be constructed under the technical supervision of an 
international board and what other works, if any, might advantageously be con- 
structed under such supervision? 


(b) Which of the works should be maintained and operated by an international board 
and what other works, if any, might advantageously be so maintained and operated? 


8. What, if any, readjustments in the location of the international boundary are neces- 
sary or desirable to place power structures belonging to either country within its borders, 
as recommended by the International Joint Commission? 


9. If the board is of the opinion that it would be advantageous to provide in the first 
instance for channel depths other than 25 feet, but less than 30 feet, for what draft of 
vessel should provision be made? 


10. Having regard to the recommendation of the International Joint Commission that 
the new Welland ship canal should be embodied in the scheme and should be treated as a 
part thereof, and to the fact that if a greater depth than 21 feet be adopted for the initial 
project depth of the St. Lawrence, such greater depth would not be available to the upper 
lake ports without further work in the navigation channels in the lakes, what would be the 
cost of improving the main navigation channels between and through the lakes, so as to 
provide, without impairing the present lake levels for (a) a depth of 25 feet and (b) for 
such other depth not exceeding 30 feet, as may be determined by the board to be that for 
which it would be most advantageous to provide on the St. Lawrence river? 


11. What is the time required to complete the proposed works, the order in which they 
should be proceeded with, and the progress which should be made yearly toward the com- 
pletion of each im order to secure the greatest advantage from each of the works and from 
the development of the waterway as a whole? 
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It is desired that. the report be accompanied by such drawings as are necessary for 
showing the location and general character of the works proposed. 

It is also desired that in the preparation of the report, due regard should be had to 
any diversions from or in the St. Lawrence River watershed which, at the date of the 
report, are authorized by license by either Canada or the United States. 

It is desired that the board report, from time to time, on the matters referred to it 
as the progress of its inquiries permits, and that these inquiries be so prosecuted that, if 
practicable, the board should have reported on all such matters by the end of April, 1926. 

9. Funds for the work of the Canadian Section of the Joint Board were 
voted by the House of Commons of Canada yearly as required. Funds for the 
American Section were provided by the Deficiency Act of March 4, 1925, which 
made available for that purpose, under the direction of the President, not 
exceeding $275,000 of funds appropriated for maintenance and improvement 
of river and harbour works. 


DESCRIPTION 


10. The Great Lakes are the source of the St. Lawrence, and form with it 
a waterway system extending from the interior of the continent to the sea. 
Lake Superior, the uppermost and largest of the Great Lakes, discharges into 
lake Huron through the rapids of St. Marys falls and the St. Marys river. Lake 
Michigan is connected with lake Huron by the wide and deep straits of Macki- 
nac. Lake Huron discharges into lake Erie through the St. Clair river, lake 
St. Clair, and the Detroit river. Lake Erie discharges into lake Ontario through 
the Niagara river. From lake Ontario, the St. Lawrence flows 533 miles north- 
east to Father Point, which marks its transition into the gulf of St. Lawrence. 
The first 115 miles of the river is on the international boundary between Canada 
and the United States; the remainder of its course is through Canadian territory. 
The city of Montreal is 183 miles downstream from lake Ontario. 


11. The distances by the ordinary vessel routes from Duluth, Minn., and 
Port Arthur, Ont., at the head of lake Superior, to Kingston, Ont., at the head 
of the St. Lawrence, are respectively 1,160 and 1,038 statute miles. The distance 
from Chicago to the head of the St. Lawrence is 1,067 miles. 


12. The fall, at mean stages, between lake Superior and lake Huron is 21 
feet. Lake Michigan and lake Huron are at the same level. The fall from lake 
Huron to lake Erie averages 8.5 feet, taken up in the slopes of the connecting 
rivers. The fall from lake Erie to lake Ontario is 326 feet, of which approxi- 
mately 165 feet is concentrated in the drop at Niagara falls proper. The fall 
from lake Ontario to Montreal harbour averages approximately 226 feet, and 
from Montreal to the sea about 20 feet, the latter distributed through the 160 
miles of river between Montreal and Quebec. 


13. Present Navication. Navigation from lake Superior to lake Huron 
passes through the locks at St. Marys falls. Channels have been excavated 
through the St. Marys river above and below the locks, and through the St. 
Clair river, lake St. Clair, and the Detroit river, to afford a minimum depth of 
20 feet at the lake levels that have been adopted as the standard for improve- 
ments. The extreme low stages reached by the lakes during the last few years 
have been generally below these levels, with the result that the channel depths 
are less than 20 feet. In the latter part of the navigation season of 1925, the 
depth available was 18 feet, and at no time during that year did the maximum 
draft that could be éarried from lake Superior to lake Erie exceed 19 feet. 
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14. The dredged channels between lake Superior and lake Erie aggregate 
nearly 100 miles in length. Their cost, for capital account only, including the 
costs of the locks in the St. Marys river, has been as follows:— 


Expended by the United States (to June 30, 1926).......... 44,721,319 69 
Expended by Canada. (to Mareh 31,1925) >. oc... gecko 5,560,009 00 
ANC EN Ares ALG Nn OD Teor eer OTRO rose orth $50,281,328 69 


15. Navigation from lake Erie to lake Ontario passes through the Welland 
canal, constructed and operated by the Dominion of Canada. The present 
Welland canal affords a depth of 14 feet at normal lake levels. The new Welland 
ship canal, under construction by Canada, is 25 miles in length, with 7 locks each 
having a lift of 464 feet, and one guard lock. The portions of this canal first 
excavated were given a depth of 25 feet; the later contracts provide for a depth 
of 27 feet. The depth over the sills of the locks is 30 feet, to provide for sub- 
sequent enlargement of the canal reaches. The cost of the new Welland ship 
canal to March 31, 1925, has been $50,772,092.77, and the estimated total cost 
when completed is $114,526,484. These figures do not include interest during 
construction. 


16. Navigation on the St. Lawrence river from lake Ontario to Montreal 
is provided by isolated channel improvements and a series of side canals around 
the rapids (also constructed and operated by Canada), which afford 14 feet 
depth. 


17. The channels between Montreal and the sea have been dredged to a 
depth of 30 feet and a project to provide a 35-foot depth is about half com- 
pleted. 


18. Navigation on the Great Lakes and the St. Lawrence at the present 
time falls into three categories:— 


(a) Lake navigation, operating ot a on 20-foot draft, on and between 
all of the lakes except Ontario. 

(b) Canal navigation, operating normally on 14-foot draft, between lake 
Erie ports and Montreal through the Welland canal, lake Ontario, 
and the St. Lawrence. 


(c) Deep-sea navigation, from Montreal to the ocean. 


19. The completion of the new Welland ship canal will open lake Ontario 
to lake navigation, which will then be separated from deep-sea navigation by 
the 183 miles of the St. Lawrence above Montreal. 


20. The present lake commerce is upward of 100,000,000 tons per annum. 
The bulk cargoes, principally iron ore, coal, and grain, are moved in a special 
class of vessels developed for that purpose, of great length in proportion to their 
draft, so designed that they can be loaded and unloaded rapidly by special 
machinery installed for that purpose at terminal ports. 


21. The present canal commerce through the Welland and St. Lawrence 
canals is carried by smaller vessels of similar design. These vessels are rela- 
tively high powered, to meet the swifter currents on the St. Lawrence. This 
commerce has been increasing rapidly in recent years; that on the St. Law- 
rence canals amounted to 6,206,988 tons in 1925. Nearly all of the grain reach- 
ing Montreal harbour in recent years is transported by this route. 
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22. NavicaTIon Szasons. The average dates of opening and closing navi- 
gation on the inter-connecting channels of the Great Lakes and on the St. 
Lawrence river during the last twenty years have been as follows:— 


Great Lakes above Welland canal, April 18 to December 19. 
Welland canal, April 18 to December 16. 
St. Lawrence canals above Montreal, April 26 to December 9. 


The average date of the arrival of the first vessel from the sea into the port of 
Montreal during the last ten years has been April 28; the average date of the 
last departure for the sea, December 7. 


23. Tur Sr. Lawrence. The part of the St. Lawrence with which this 
report is particularly concerned les between lake Ontario and Montreal. The 
river here runs in deep slow-flowing reaches and lake-like expansions, readily 
improved for navigation, with intervening reaches of rapids and swift currents. 
For the first 67 miles from lake Ontario the river is a deep slow-flowing stream. 
It then passes through the remaining 49 miles of the international border in a 
succession of rapids and swift water. Leaving the border, the river expands 
into the quiet waters of lake St. Francis. From this lake it drops in a suc- 
cession of rapids to lake St. Louis, and from lake St. Louis drops through more 
rapids to Montreal harbour. 


24. As it is fed from the great reservoirs formed by the lakes, the St. 
Lawrence has a remarkably steady flow. The mean discharge out of lake 
Ontario during the past 66 years has been 246,000 cubic feet per second, the 
maximum average discharge for any month 318,000 cubic feet per second, and 
the minimum average discharge for any month 174,200 cubic feet per second. 
Except where affected by ice gorging in winter, the fluctuations in the river sur- — 
face nowhere exceed a few feet. The bed and banks are not subject to erosion 
and the river is free from silt. 


25. Geologically, the St. Lawrence is a new river. Rock surfaces exposed 
indicate the passage of the continental glaciers across the valley, and the bed 
of the swifter portions is paved with boulders from them, mingled with those 
formed from the country rock. The rock itself, as determined by borings, is 
generally uniform in contour, but is broken by valleys and ridges which strike 
across it northwards. These are sometimes intersected by depressions from 
pre-glacial drainage. In the upper reaches the rock disclosed by borings is 
crystalline limestone of a firm character and close texture, mostly quite suit- 
able for supporting hydraulic structures. Between lakes St. Francis and St. 
Louis rock is a hard limestone and a hard sandstone, equally sound. In the 
lower reaches around Lachine and Montreal, there are igneous intrusions amongst 
limestone and shale which, while providing firm foundations, would require 
special protection against scouring. 


26. The main banks and islands of the river are formed of mixtures of 
clay, sand, gravel, and boulders, lying or deposited on the rocky floor of the 
valley. These materials are mixed in strata and irregular bodies but, in gen- 
eral, tight enough to form fairly watertight foundations for hydraulic struc- 
tures under low heads. -The high points on both islands and mainland are 
eapped with extensive but shallow boulder deposits. 
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PRIOR REPORTS 


27. On the 21st of January, 1920, the Governments of the United States 
and Canada referred to the International Joint Commission, created by the 
treaty of the 11th of January, 1909, between the Governments of the United 
States and Great Britain, questions relating to the improvement of the St. 
Lawrence river between lake Ontario and Montreal for the purpose of making 
it navigable for deep-draft vessels, and securing the greatest beneficial use of 
the water for power. 


28. Each of the Governments also designated an engineer to co-operate in 
the surveys necessary to plans for improvement, and in the preparation of plans 
and estimates. These engineers were instructed to submit the surveys, plans 
_ and estimates to the International Joint Commission. 


29. Colonel William P. Wooten, Corps of Engineers, United States Army, 
was designated as the engineer for the United States, and the late Mr. W. A. 
Bowden, Chief Engineer, Department of Railways and Canals, was designated 
as the engineer for Canada, these officers receiving identical instructions from 
their respective Governments. 


30. Report oF 1921. Their report was submitted to the International Joint 
Commission on June 24, 1921. It is hereinafter referred to in this report as the 
Report of 1921. The salient conclusions and recommendations in that report 
are as follows:— 


(1) That the physical conditions (on the St. Lawrence) are favourable for 
improvements for navigation which will be permanent, and will have very low 
upkeep costs. 

(2) That improvement of the entire reach frora Montreal to lake Ontario 
for navigation alone is feasible, but the loss of the power that can be generated 
as a by-product in some reaches is not warranted. 

(3) That the development of nearly all the potential power in the river, 
amounting to approximately 4,100,000 horse-power, can be made as co-ordinate 
parts of schemes for the improvement of navigation. 


(4) That the simultaneous development of such a vast quantity of power 
is not a sound economic procedure, as a market to take this output is not now 
in existence, and cannot be expected to spring into being at once. 

(5) That the sound method of procedure is to improve for navigation 
along those reaches where side canals and locks can most economically be used, 
and where the development of the power at some future time is not interfered 
with by the proposed improvements; and in that part of the river where the 
construction of locks and dams offers the most feasible means of improving 
navigation to provide for the development of the incidental power obtainable as 
a result of the heads created by the dams. 

(6) That the improvements undertaken afford a navigation channel 25 feet 
in depth, with lock sills 30 feet in depth, so built as to permit the eventual 
enlargement of the channel to that depth. 

(7) That the improvement be secured by the combined development for 
navigation and for power of the rapids section on the international boundary, 
side canals around the other rapid sections, and the necessary channel excava- 
tion elsewhere. 
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31. The estimated cost of the entire work to provide a 25-foot channel and 
to develop 1,464,000 horse-power was as follows:— 


First division—side canal from Montreal Harbour to deep water 


in VakesStWoursi st. wie enrecrete clement + tetas cere cise omer eteiate 55,783,000 
Second division—side canal from deep water in lake St. Louis 

toideep water, in) lake: St. pl rancia asa. csi s ies < + yt ents ad 36,590,000 
Third division—channel dredging in lake St. Francis.......... 1,158,000 


Fourth division—combined navigation and_ power development 
in international section, with annual power output of 
1,464,000 horse-power (total installed capacity approximately 


1,850,000 IOLSC=POWL). sts sere sive oc tie arcials sie eiotore notes micketeIekere 159,097,200 
Fifth division—navigation improvement above rapid section.... 100,000 
Total, cde sutton dae ee oe aa en Geran $252,728,200 


32. The estimated cost of increasing the navigable depth throughout the 
entire stretch to 30 feet at a later date was $17,986,180. 


33. The report considered, but did not recommend, plans for power develop- 
ment in the First and Second ‘divisions, respectively. 


34. Of the total estimated cost of the project, $159,097,200 was for the 
combined navigation and power development on the international section of 
the river. A head of 74 feet was to be developed by a dam across the river at 
the Long Sault rapids. A second dam was to be constructed 23 miles upstream at 
Ogden island, just upstream from Morrisburg, to provide navigation through 
the upper rapids of the reach, afford control over the flow of the river and insure 
suitable winter operation. The head of approximately 8 feet available at this 
dam in summer was not to be developed. The main dam and related structures 
were, however, to be so designed that they could be raised subsequently so as 
to utilize fully whatever head the operation of the works might show to be 
economically practicable. 


35. It was estimated that if the improvements were carried on simul- 
taneously it would be possible to complete them in eight years from the time 
the work was begun, if funds were made available as fast as needed. 


36. The report pointed out that the construction of the upper dam pro- 
posed (at Ogden island) and the enlargement of the discharge capacity of the 
upper reaches of the river would afford control over the level of lake Ontario 
and the flow in the St. Lawrence river. This control can be so exercised as to 
raise the mean level of the lake without causing it to fluctuate beyond the limits 
previously reached. The studies made did not show, however, that any very 
great increase in the natural low-water flow can be made for the benefit of 
either power or navigation in Montreal harbour, or the ship channel below. 


37. The engineers of the two countries united in all of the recommenda- 
tions contained in the Report of 1921, except as to the program of regulation 
of the levels and outflow from lake Ontario which should be put into effect 
after the project was completed, each submitting a program regarded as most 
suitable to that end. ‘The essential difference between the two was that the 
program proposed by the Canadian engineer provided for a greater restriction 
of the winter flow, with a view to creating more desirable ice conditions. With 
this restriction it was not possible to secure quite as favourable results from 
regulation as would be afforded by the program proposed by the United States 
engineer. 


38. The plans presented in the Report of 1921 were made the subject of 
public hearings before the International Joint Commission. At these hearings 
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several alternative plans were presented for the consideration of the commis- 
sion, especially with relation to the development of power in the International 
Section. 


39. RECOMMENDATIONS OF INTERNATIONAL JOINT COMMISSION. The report 
of the International Joint Commission included the following recommenda- 
tions :— 


(1) That the Governments of the United States and Canada enter into an arrangement 
by way of treaty for a scheme of improvement of the St. Lawrence river between Montreal 
and lake Ontario. 


(2) That the new Weiland ship canal be embcdied in said scheme and treated as a 
part thereof. 


(3) That the proposed works between Montreal and lake Ontario be based upon the 
report of the engineering board—(Report of 1921)—-but that before any final decision is 
reached the report of the board, together with such comments, criticisms and alternative 
plans as have been filed with the commission be referred back to the board enlarged by 
other leading members of the engineering profession, to the end that the whole question 
be given that further and complete study that its magnitude and importance demand, and 
that after completion the administrative features of the improvement be carried out as set 
forth in recommendations 7 and 8 hereof. 


(4) That there shall be an exhaustive investigation of the extent and character of the 
damage through flowage involved in the plan of development finally adopted. 


(5) That, assuming the adoption of the plans of the engineering board, or of other 
plans also involving a readjustment of the international ‘boundary, in order to bring each 
of the power houses on its own side of the boundary, appropriate steps be taken to transfer 
to one country or the other, as the case may be, the slight acreage of submerged land 
involved. 


(6) That Canada proceed with the works necessary for the completion of said new 
Welland ship canal in accordance with the plans already decided upon by that country. 


(7) That such “navigation works” as do not lie wholly within one country or are not 
capable of economic and efficient construction, maintenance and operation within one 
country as complete and independent units, be maintained and operated by a board here- 
inafter called “the International Board,’ on which each country shall have equal repre- 
sentation. 


(8) That such “navigation works” as lie wholly within one country and are capable 
of economic and efficient construction, maintenance and operation as complete and inde- 
pendent units be maintained and operated by the country in which they are located with 
the right of inspection by the said international board to insure economy and efficiency. 

(9) That “power works” be built, installed and operated by and at the expense of 
the country in which they are located. 

(10) That, except as set forth in recommendation (11), the cost of all “ navigation 
works” be apportioned between the two countries on the basis of the benefits each will 
receive from the new waterways: Provided, That during the period ending five years after 
completion of the works—and to be known as the Construction Period—the ratio fixing the 
amount chargeable to each country shall be determined upon certain known factors, such 
as the developed resources and foreign and coastwise trade of each country within the ter- 
ritory economically tributary to the proposed waterway, and that that ratio shall be 
adjusted every five years thereafter and based upon the freight tonnage of each country 
actually using the waterway during the previous five-year period. 


(11) That the cost of “navigation works” for the combined use of navigation and 
power over and above the cost of works necessary for navigation alone should be appor- 
tioned equally between the two countries. 


WORK DONE BY THE JOINT BOARD OF ENGINEERS 


40. A program of the field work and office investigations to be undertaken 
respectively by the two sections of the Board was adopted at a meeting held 
at Ottawa, April 13-16, 1925. This embraced surveys of the sections of the 
river not previously covered in detail, and borings to determine foundation 
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conditions at sites of proposed structures, with a special examination by shafts 
and borings at the site of the dam proposed in the Report of 1921 at the Long 
Sault rapids. . 


41. The Canadian Department of Railways and Canals, having available 
the data collected for the Report of 1921, continued investigations on the St. 
Lawrence river through the years 1922 and 1923 until the appointment of this 
Board in the spring of 1924. Through the remainder of that year the Canadian 
Section of the Board further continued these investigations, and in Aprli, 1925, 
after the adoption of the Board’s program, both of the sections vigorously prose- 
cuted extensive surveys and discharge meterings together with numerous borings, 
completing these in the summer of 1926. The United States Section devoted 
itself mainly to surveys and borings in the International Section, including the 
special work at dam sites around Long Sault rapids. The two sections together 
have made upwards of 400 borings covering the most critical portions of the 
St. Lawrence river between the Galop and Lachine rapids; these included a 
set of borings across the river in the swift water at the head of the Cedars 
rapids. The Canadian Section carried out in November and December of 1924 
and 1925 an extended set of temperature measurements to determine the rate of 
loss of heat in the river, and in February and March, 1926, a set of experiments 
to determine the resistance of ice as bearing on the design of dams in the river. 


42. Each section employed a competent and extensive engineering force in 
office and field to carry out its investigations. The office staff of the United 
States Section was maintained at the United States Lake Survey, Corps of 
Engineers, United States Army, at Detroit, and the Canadian, at the Depart- 
ment of Railways and Canals at Ottawa. The United States Section engaged 
the services of the engineering firm of Viele, Blackwell and Buck as consulting 
engineers on features relating to power development. 


43. The Board had available for its use a large volume of data obtained 
from other sources. This consisted not only of topographic and hydraulic 
information concerning the lakes and river, but a great number of boring 
determinations as well as construction and price data useful for estimating 
purposes. The various departments of the Canadian and United States Govern- 
ments contributed a large part of this. Other sources of information were the 
reports of the United States Board of Engineers on Deep Waterways of 1900 
and the Georgian Bay Canal Survey of 1908, and data supplied by the St. 
Lawrence Power Company, the Canadian Light and Power Company, and the 
Montreal Light, Heat and Power Consolidated, and by the Hydro-Electric 
Power Commission of Ontario which for several years has carried on extensive 
investigations in the vicinity of Morrisburg and the Long Sault rapids. The 
Board has had a special advantage with respect to navigation cost data in the 
current prices established on the new Welland ship canal, a similar work now 
under construction. The Board has also received much valuable data from 
operating power companies and manufacturers of hydraulic and electrical 
machinery in both countries. 


44. The Board held frequent meetings at various points on the river and 
Great Lakes, to study and discuss the problems involved in the improvement. 


45. The results of these various investigations are set forth in appendices 
to this report. 
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PART II 


IMPROVEMENT OF LEVELS AND OUTFLOW OF THE GREAT LAKES 


46. This part of the report deals with,— 


(a) The extent to which the levels of the Great Lakes are affected by 
diversions of water (Question 6a of the instructions to this board). 

(b) The feasible measures for raising the levels of the lakes to correct the 
effect of authorized diversions, and to reduce the cost of improving the 
lake channels (Questions 6b and 10). 

(c) The extent to which the outflow from the lakes can be improved by 
the manipulation of their levels (Question 6d). 

(d) The cost of deepening the channels through and between the lakes 
(Question 10). j 


DESCRIPTION 


’ 47, The Great Lakes serve two great economic uses; as navigation routes of 
vital concern to the two countries; and as a reservoir to equalize the flow of the 
St. Lawrence river. 


48. The supply of water to the Great Lakes is furnished ‘by the inflow of 
the many relatively small rivers of their drainage basins, increased by the rain- 
fall on the lakes themselves, and decreased by the evaporation from the lake 
surfaces. The total area of the drainage basins of the lakes is approximately 
300,000 square miles, of which nearly one-third is occupied by lake surface. 
Computations show that the average supply received from the land areas about 
equals that received as rainfall on the lakes, but that roughly 40 per cent of 
this total gross supply is lost by evaporation. The net supply varies widely. 
The records show rates of net supply to the whole lake system exceeding 800,000 
cubic feet per second for a month; and they also show months during which the 
evaporation from the lakes exceeded the water received from all sources, with a 
consequent negative net supply. The average’ monthly net supply for the 
months of April and May is at a rate exceeding 500,000 cubic feet per second; 
and the average net supply for the month of November is at a rate of less than 
20,000 cubic feet per second. 


49. Notwithstanding this wide variation in supply, the monthly mean out- 
flow from the lakes during the past 65 years has ranged between the narrow limits 
of 318,000 cubic feet per second and 174,000 cubic feet per second. But even this 
minimum was due partly to ice retardation. The minimum monthly mean dis- 
charge with open-river conditions was 194,000 cubic feet per second. 


50. The lakes absorb the great variations in supply because of the rise and 
fall of their levels. When the supply is high, they rise and store water; when 
it is low they fall and deliver the stored water. The average annual rise and 
fall of the various lakes due to the seasonal variations in supply is from 14 feet 
to 2 feet; but extreme variations in seasonal supply have caused fluctuations in 
lake levels ranging from 2.67 feet on lake Superior to over 4 feet on lake 
Ontario. Extreme high and low lake levels are reached at the ends of periods 
of excessive or deficient supply extending over several years. The maximum 
ranges of the montly mean levels of the various lakes since 1860 vary from 3.5 
feet on lake Superior to a little more than 6 feet on lakes Michigan and Huron. 
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51. The period of low rainfall occurring during the past few years has 
brought down the levels of the lakes, and with other factors mentioned later has 
created record low levels on lakes Michigan, Huron and Erie. The rains of the 
summer of 1926 have, however, started the levels upward, and the lakes will 
return to their ordinary levels if the increased rainfall continues. 


DIVERSIONS AND OUTLET ENLARGEMENTS AFFECTING LAKE 
LEVELS 


52. It is evident that as the level of a lake falls, that of its outlet river will 
fall also, and the discharge capacity of the outlet river will be reduced. When 
water is diverted from the outlet, the lake levels will be steadily lowered with 
respect to their natural levels until the discharge capacity of the outlet has been 
reduced by an amount corresponding to the diversion, after which the effect of 
the diversion on lake levels ceases to increase. Thus, at mean stages of lake 
Erie, a fall of 6 inches in its level will reduce the discharge capacity of its outlet, 
the Niagara river, by 11,000 cubic feet per second. After a diversion of 11,000 
cubic feet per second has lowered lake Erie by 6 inches, it will be balanced by 
the reduced outflow, and from then on the lake levels will remain substantially 
6 inches below the levels that they would have if the diversion were not in 
existence. 


53. The relation between the volume of flow of the various outlet rivers and 
the elevation of their water surface, or stage, has been accurately determined 
by repeated current-meter measurements made during the past quarter century, 
and the amounts by which the various existing diversions have affected the lake 
levels can be stated with assurance. 


54. The time required for the decreasing outflow to reach an equilibrium 
with the decreased supply due to a diversion depends on the area of the lake in 
relation to its outlet capacity. Under present conditions, approximate equilibrium 
is reached on lakes Erie and Ontario in about a year, but several years are required 
to establish this equilibrium on the great reservoir formed by the combined areas 
of lakes Michigan and Huron. 


55. It is obvious that any enlargement of the outlet channel will lower the 
level of a lake in the same manner as a diversion of water. 


56. The levels of the Great Lakes have been affected by the following arti- 
ficial factors:— 


(a) The operation of the regulating works constructed to correct for the 
power diversions in the St. Marys river at the outlet of lake Superior. 

(b) The diversion of the Chicago Sanitary District from lake Michigan. 

(c) Diversions from lake Erie for power and navigation through the Wel- 
land canal and from the Niagara river. 

(d) Changes in the discharge capacity of the St. Clair river at the outlet of 
lake Huron, and of the St. Lawrence river affecting lake Ontario. 


57. Errecr or ReGuuatine Works, St. Marys River. The extensive diver- 
sions of water for power development at St. Marys falls, amounting to approxi- 
mately 50,000 cubic feet per second, has made necessary the installation of gates 
across the river, at the head of the falls, to control the outflow and levels of lake 
Superior. The gates are operated and the diversions are controlled by an Inter- 
national Board of Control in accordance with conditions laid down by the Inter- 
national Joint Commission, May 26-27, 1914. Their operation substitutes artifi- 


St. Lawrence Waterway Project 15 


cial for natural control of the levels of lake Superior, and has, in general, increased 
the levels of that lake at low water, and somewhat diminished those at high 
water. The control of the outflow of lake Superior for power and for navigation 
at St. Marys falls has therefore, in general, been beneficial rather than injurious 
in its effect on the levels of lake Superior. 


58. The operation of these regulating works has affected somewhat the 
levels of the other lakes, since the controlled discharge from lake Superior into 
them is at times greater than the natural discharge, and at times less. A com- 
putation shows that the maximum effect since the regulation was begun was 
reached in 1922 and 1923, when lakes Michigan and Huron were lowered by 
44 inches, and lakes Erie and Ontario by 3 inches. From 1923 to 1925 the 
release of water from lake Superior was in excess of the outflow that would have 
occurred under natural conditions, with the consequence that by January, 1926, 
the other lakes were slightly higher than they would have been had there been 
no regulation of lake Superior. 


59. Diversion or Cutcaco Sanitary District. The diversion by the Sani- 
tary District of Chicago of an average yearly flow of 8,500 cubic feet per second 
from lake Michigan through the Chicago Drainage canal into the basin of the 
Mississippi river has been authorized by the United States under the terms of 
a revokable permit issued by the Secretary of War, effective March 3, 1925. 
The permit was issued subject to the conditions, among others, that the Sani- 
tary District should construct extensive sewage purification works, and control 
works in the river, within five years, and provides that the authorization shall 
terminate on December 31, 1929, unless specifically extended. The estimated 
cost of the sewage purification works required under the permit is $92,000,000. 
It is reported that these works are 46 per cent completed. 


60. The diversion by the Sanitary District authorized by the permit is 
exclusive of the water pumped by the city of Chicago into its water-supply 
system and thence passing through the sewers into the Drainage canal. The 
amount so diverted in 1924 was reported as about 1,200 cubic feet per second. 
The permit was made contingent upon the adoption by the city of Chicago of 
an extensive program for metering its water service, and the execution of this 
program within ten years. The metering, which is estimated to cost $15,000,000, 
will reduce the amount of water diverted through the city water-supply system, 
and will expedite the sewage purification by reducing the volume to be treated. 


61. The official reports of the War Department show that the total diversion, 
including that diverted via the water-supply system, has averaged 8,660 cubic 
feet per second during the past five years. /The Secretary of War, in issuing 
the permit, informed the Sanitary District that the diversion of water should 
be reduced to reasonable limits with utmost despatch. It was appreciated that 
the desired reduction could not be made instantaneously, but the conditions 
required under the permit were drawn with a view to making a substantial 
reduction by the time the permit expires. 


62. The diversion of the Chicago Sanitary District authorized by license 
by the United States is taken in the present report as the diversion of 8,500 
cubic feet per second specifically authorized in the permit issued by the Secre- 
tary of War. 


63. Buack River Diversion. There is a small diversion from lake Huron 
into the Black river, which discharges into the St. Clair river below the head 
of the latter. Its effect on lake levels is negligible. 
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64. Diversions From LAKE Erie. On the Welland canal, in addition to 
the water required for lockages, etc., diversions for power purposes aggregating 
the equivalent of a total of 2,050 cubic feet per second have been authorized by 
the Department of Railways and Canals of the Dominion of Canada. The 
best measurements available indicate a total present average flow of 3,100 cubic 
feet per second for both navigation and power. More water will be required 
for the large locks of the new deep-draft canal now under construction. The 
Board is informed by the Chief Engineer, Department of Railways and Canals 
of the Dominion of Canada that the total average flow will not exceed 5,000 
cubic feet per second after the new canal is put in operation. 


65. On the Niagara river a diversion for navigation purposes through the 
Black Rock canal, operated by the United States to carry lake shipping past 
the rapids at the head of the river, has a small effect on the levels of lake Erie. 
There is a diversion of approximately 1,500 cubic feet per second through the 
New York State Barge canal, including 275 cubic feet per second for power 
purposes. This water is drawn from the Niagara river at Tonawanda below 
the rapids at the head of the river and is discharged into lake Ontario. Its 
effect on lake levels is negligible. The effect of the considerable diversions for 
power on the Niagara river has been compensated for, at least to a large degree, 
by intake structures and the deposit of excavated material. The effect of the 
power diversions on the levels of lake Erie, if any, is also regarded as negligible. 


66. The diversions via the Welland canal and the Black Rock canal affect 
not only the levels of lake Erie, but also to a small degree the levels of lakes 
Michigan and Huron. 


67. Cuances In St. Cuarr River. The St. Clair river (the outlet of lake 
Huron) is the one outlet of the Great Lakes system whose discharge capacity is 
not controlled by a natural weir of rock. The river has a sand and gravel bed. 
Any change in the slope of the river has an effect on the level of lake Huron. At 
the entrance from lake Huron it is contracted in a deep and narrow channel 
known as the Port Huron rapids, changes in the cross-sectional area of which, 
have a much greater effect than those in any other similar length of the river. 
There is every reason to believe that this contraction was formed by the drift 
of beach gravel from lake Huron. 


68. A detailed analysis of all available gauge records made by the United 
States Lake Survey indicates that between 1890 and 1900 discharge capacity 
of the St. Clair river increased possibly to the extent of 0.84 foot of stage of 
Huron. The question has been raised as to whether this was due to the dredg- 
ing of navigation channels in the river. Most of such dredging was done, how- 
ever, through the delta of the St. Clair, where the river flows with a flat slope 
through a number of channels into lake St. Clair, and the extent of the dredg- 
ing was insufficient to produce any sensible increase of the discharge capacity 
of the river as a whole. A more probable explanation of the apparent increase 
in discharge capacities during that period is the natural erosion of the gravel 
bed of the Port Huron rapids. 

The discharge measurements subsequent to 1899 afford a more definite 
basis for determining the changes in the discharge capacity of the river since 
that year. The shoaling caused by the wrecks of two schooners in the Port 
Huron rapids in 1900 reduced the discharge capacity by 0.1 foot of stage, 
leaving a net change of 0.24 foot to that date. No further change is indicated 
by the discharge measurements until after 1908. 
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69. The computations of the United States Lake Survey show that, between 
1908 and 1925, the discharge capacity again enlarged to the extent of 0.38 foot 
of stage, and that this increase occurred in the contracted section near the head 
of the river. Its computations show no indication of any sensible increase in 
the discharge capacity except in this section. They do not show that the 
dredging done for the improvement of navigation during this period (embrac- 
ing the removal of a shoal opposite Port Huron to the depth required for navi- 
gation), or the dredging of gravel for commercial purposes downstream from 
this contracted section, which has been permitted by both the United States and 
Canda, has sensibly affected the discharge capacity of the river. 


70. In order to improve the navigable depth to the Point Edward docks, 
at the foot of the Port Huron rapids, the Department ‘of Public Works of the 
Dominion of Canada authorized the licensees of the province of Ontario to dredge 
gravel in this contracted section. The records of the province show a total of 
1,519,000 cubic yards dredged from this locality during the period. A survey 
made in 1925 disclosed that this dredging had been carried on by the licensees 
and others to such an extent as to create a material enlargement of the cross- 
sectional area of the river through a distance of about 6,000 feet, such enlarge- 
ment for about one-half this distance amounting to more than 30 per cent of the 
original area. This survey showed an apparent removal of 2,400,000 cubic yards. 
The computed effect of the enlargement is 0.29 foot and agrees reasonably 
closely with the observed increase in the discharge capacity during the period. 
The survey showed that the narrow section above the location of the dredging 
had contracted during the period, leaving this dredging as the only assignable 
cause of the increase in the discharge capacity oi the river. 


71. From the above figures, the total effect of the enlargement of the dis- 
charge capacity of the river is taken at 0.6 foot of stage. 


72. Precise information as to the effect of gravel dredging in the part of the 
river below Point Edward cannot be given at the writing of the report, but a joint 
survey is being made by the officers of the two countries covering the upper- 
most six miles of the river. From this survey further information.will become 
available in regard to this matter. 


73. CHANGES IN Derroir River. The Detroit river has a wide sill of 
ledge rock across its lower reaches. The enlargement of the natural channels 
through this section of the river was commenced in 1876 and has been pro- 
gressive since that time. In the lack of contemporaneous discharge measure- 
ments, the effect of the earlier excavation cannot. be determined, but the 
amount of this excavation is insufficient to have caused any material increase 
in the discharge capacity of the St. Clair-Detroit outlet as a whole. In 1907 
the excavation of a new straight channel, known as the Livingstone channel, 
was begun, but in the execution of the work the excavated material was so 
deposited as to compensate for the enlargement. The discharge measurements 
and computations made by the United States Government engineer in charge 
of the improvement since the opening of the channel have convinced the Board 
that the compensation for all channel excavation since 1901 was accomplished. 


74. Cuances In Niagara River. The Niagara river has had various 
minor contractions by bridge piers, shore encroachments, etc., and enlargements 
through the dredging of gravel for commercial purposes. Recent discharge 
measurements show that these have so closely balanced each other that the dis- 
charge capacity of the river has been substantially unchanged. 
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75. Cuancres IN Sr. Lawrence River. In the St. Lawrence river, the 
works undertaken by the Canadian Government in connection with the present 
14-foot navigation included the closure of a minor channel at the head of the 
Galop rapids by what is known as the Gut Dam. This work was undertaken 
for the purpose of improving navigation at the rapids, but caused a reduction 
in the discharge capacity of the outlet of lake Ontario, which, in addition to 
counteracting minor channel enlargements made in the same period, raised the 
levels of the lake by somewhat more than 0.4 foot. 


76. ConTRoL oF Drepging SAND AND GRAVEL IN OvuTLET Rivers. The 
estimates of the cost of the channels of specified depths through and between 
the lakes, hereinafter presented, are based on the premise that the lake levels 
will not be lowered by the further enlargement of their outlets through the 
dredging of sand and gravel for commercial purposes. ‘The control of this 
dredging to prevent injurious enlargements is now being considered in corre- 
spondence between the two countries. 


77. SuMMaARY oF Erect oF DIvERSIONS AND OuTLET CHANGES. Omitting 
the small and varying changes resulting from the regulation of lake Superior, 
the effect of the various diversions and outlet changes is found to be as follows. 
The minus sign indicates a lowering of lake levels and the plus sign a raising of 
lake levels. 


Amount of Effect, in feet, 
diversion, on levels of Lakes 
Cause cubic feet Se ee 
per Michigan Erie Ontario 


second and Huron 


Authorized Diversions:— 


Chicago Sanitary: Distriet:e2 ini set tae lade ethee ee 8, 500 —0:5 —0-4 —0-4 
Power diversions, Welland canal..................2-- 2,050 —0-025 —0-1 0 
All present diversions and outlet changes:— 
Chicago sanitary District. :cseeacee sueepeieoasiye 8, 660 —0:5 —0-4 —0:4 
Welland) Ganal. camccis «eee e ks | aareerle tes ot aneteh mermatee 3, 100 —0:04 —0-15 0 
Black Rock: Canalis: seem one eG ae ein 1,000 —0-01 —0-05 0 
Changes in St. Clair river outlet— 
Pi1£01 1908 ce chs shee latne te Saute oe sate dee ee nll Gee ee Sees = (53) Peateceie onc et. Blast elaictetorers 
Subsequent. co 1908 sn. oe cole assc occa saree aemkentt | os cat ernsca care oC) eeb5 ae [ctesase cove heel eater even 
Gut i Damir ave ee Neh: BON PR I COE R de cee,c We arabe ce [Een ate eM Rea, te +0-4 
Total toc cer. vita cane uneven eae —1-15 *_0-6 0-0 


Sa Sk pin SE PE SELES Wie Ve es. SS eed he ee ee eae ee ee, 
*Upon the opening of the new Welland Ship Canal the lowering of the level of Lake Erie will be 
increased to 0.7 feet. 


IMPROVEMENT OF LAKE LEVELS AND OUTFLOW 


78. COMPENSATING AND RreGuLATING Works. The levels of the Great Lakes 
can be raised by works in their outlet rivers, which may be wholly in the form 
of fixed weirs and contractions or may be provided with sluice gates. The first 
of these have come to be termed compensating works, while the second are 
termed regulating works. 


79. The effect of compensating works is to raise both the high and low lake 
levels in substantially the same degree, the fluctuation of levels remaining un- 
changed. After the lake levels have adjusted themselves to the new regimen of 
the outlet, the outflow from the lake will likewise be substantially the same as 
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if the compensating works had not been built. By operating the gates of regu- 
lating works, the discharge from a lake, and consequently the levels of the lake, 
can be controlled within limits to be discussed later. 


80. ReGuLATION or Lake Ontario. The regulation of Lake Ontario is an 
inherent part of the plans for the improvement of the St. Lawrence river for 
navigation and power, proposed in Part III of this report, since these plans 
include a major enlargement of the rock sill at the head of the Galop rapids, 
which now controls the outflow from the lake, and provide for the control of 
outflow by sluice gates. The program for the regulation of lake Ontario recom- 
mended by the Board is presented in Appendix B. 


81. ReGULATION oF OTHER LAxes. Since regulating works are already in 
operation at the outlet to lake Superior, as a consequence of the large power 
diversions at St. Marys falls, there remains only the consideration of com- 
pensating or regulating works ‘at the outlet of lake Huron (controlling also the 
levels of lake Michigan) and of lake Erie. 


82. A widespread belief has arisen among members of the engineering pro- 
fession as well as among the public at large, that a remedy for low lake levels 
and discharges can be found through a comprehensive system of regulation of 
these lakes. The Board has given the question searching study, and has turned 
to compensating works in the outlets of lake Huron and Erie only after it was 
found that the results that can be secured from regulating works are entirely 
incommensurate with their cost. 


83. Limirations or LAkr ReauiatTion. To many of the persons concerned 
in the levels of the Great Lakes, the apparent remedy for such low-water levels 
as are now occurring. is the construction of regulating works across their outlets, 
with gates which can be closed at low-water periods to hold back the water 
which now runs out in excess of the supply, and which can be opened when the 
supply again becomes normal. It is the excess discharge during low-water 
periods, however, that furnishes the bulk of the flow of the Niagara and St. 
Lawrence rivers. There have been times when, for two months consecutively, 
practically all of the water flowing out of the lakes into the St. Lawrence came 
from the recession of lake levels. The lake levels would therefore have to be 
allowed to recede, when the rainfall is deficient, to maintain the natural low- 
water flow in the Niagara and St. Lawrence rivers. 


84, Similarly, when the lakes reach high stages, it is not possible to hold 
back more water for storage against a future low supply, without raising the 
Lakes to such extent as would do great damage to industries and lands on the 
lake shores. 


85. The operation of regulating works must therefore be limited to holding 
back water in storage when the supply is in excess of the requirements of the 
Niagara and St. Lawrence rivers, and the stages of the lakes are at the same 
time such that the water can be stored without risk of causing excessively high 
levels. The water stored can subsequently be used for maintaining the outflow 
of the Niagara and St. Lawrence during periods of deficient supply without 
drawing down the Lakes as far as they would fall under present conditions. 


86. The lake levels can be raised by compensating works to the extent 
regarded as justifiable with respect to high lake levels. With regulating works 
the range of stage can be reduced, so that, with the same high levels, the low 
levels will be higher than those secured by compensating works, 
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87. RecguLATION For Lake Navication. To determine the extent of the 
benefit, a program of regulation was formulated by the Board, which was 
designed to secure, with as complete a control over the outflow of the lakes as 
is at all practicable, the maximum improvement in lake levels, and at the same 
time assure a minimum discharge of 176,000 cubic feet per second out of lake 
Erie and 200,000 cubic feet per second into the St. Lawrence river. The natural 
discharge heretofore has fallen below these figures but 5 per cent and 15 per 
cent of the time, respectively. This program was then applied to conditions 
that actually occurred on the lakes during the period from 1894 to 1925, inclusive. 
Considering only the levels affecting navigation, and eliminating the fluctua- 
tion in the natural stages which were due to progressively increasing diversions 
and outlet enlargements, the results are as follows:-— 


Range of 
stage of iets Gain by 
Lakes hake if not regulation 
regulated regulated 
Feet Feet Feet 
DUDETION cece coe Aerator tne arene ae eee favece RuS tere Rm Caer Tn ee 2-4 2-8 0-4 
Michigant Eburon’. esse kee oe ets We ents a tata teen eine eT a ane Re 2:4 3-5 1-1 
LAGE ee RON AEE ee are Se eee eee ern es ae ee eae 2-8 3-3 0-5 
ONtaTIO; scare Coe ec ne oe on Eee Ene 2-8 4-2 1-4 


88. The mnimum cost of regulating works necessary to put the program 
into effect is estimated at $36,400,000. The cost of securing the same improve- 
ment in lake channels and harbours by compensating works supplemented by 
dredging is $13,400,000, it being assumed that the dredging is undertaken in 
both cases as a part of the comprehensive project for channel enlargement. It 
is clear, therefore, that the construction of regulating works for the benefit of 
lake navigation is not economically justified. 


. 89. Moreover, regulation works in the St. Clair river will necessarily be a 
burden to its present intensive water traffic. A preliminary investigation indi- 
cates that the control over the discharge of the river necessary to regulation 
could be obtained by a series of works, each with an open navigable pass having 
a width, depth, and current velocity suitable for navigation, and the estimate 
of $36,400,000 is based on such a scheme. The scheme involves the main- 
tenance of many miles of channel at the predetermined dimensions necessary to 
accomplish the result, and its practicability is not assured. It would certainly 
afford a waterway less convenient for navigation than are the present free 
channels. The somewhat more expensive plan that has been advanced, of 
works in which locks would be provided to pass vessels at the regulating works, 
would be more certain of operation, but would inflict a serious loss on present 
commerce through the delay of lockage. The total delay for each vessel pass- 
age, including the time lost in approaching the lock and delays awaiting lockage, 
would be approximately one hour. The aggregate economic loss resulting from 
such a delay to the great vessel movement through the waterway would be in 
the vicinity of $1,000,000 per annum. 


90. Furthermore, an analysis of the outflow from the lakes afforded by the 
program of regulation tested shows that, while the lowest outflow would be 
somewhat increased, the discharge would be held down to a lower flow than 
now occurs for nearly half the time, in order to build up the lake levels. As 
explained in Appendix B, a prolongation of the periods of low discharge dis- 
proportionate to the increase in the minimum discharge is an inevitable conse- 
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quence of the restricted discharge capacity of the lake systems. Aside from 
the effect on the future development of power, such long-continued low dis- 
charges would have serious consequences in reducing the water levels in Mont- 
real harbour. 


91. Various modified programs for regulation were tried out, but all with 
the same result; such improvement in lake levels as could be secured was at a 
cost greatly in excess of the saving effected in future channel and harbour 
dredging, and at the expense of prolonging the periods of low flow in the St. 
Lawrence. 


92. REGULATION FOR Powsrr. While the general regulation of the Great 
Lakes is clearly inadvisable for the purpose of improving the lake levels for 
lake navigation, there remained a question whether it might be justifiable for 
the purpose of increasing the flow for power on the St. Lawrence. A study was 
made, therefore, to determine the results that could be expected if the opera- 
tion of the works was directed toward that end, instead of toward reducing 
the fluctuations in the levels of the lakes. While the outflow could be thus 
redistributed to increase the primary power potentially available, no program 
of regulation was found that would increase materially the total output of 
plants with an installed capacity sufficient to utilize the mean flow of the river. 
The advisability of undertaking the regulation for the benefit of the power on 
the St. Lawrence depends, therefore, wholly on the nature of the market for 
power that may develop as the installation of power works proceeds. The 
regulation of lake Ontario alone will afford a sufficent control over the flow of 
that river for the advantageous development of power until at least the 
enormous amounts available without further regulation is absorbed. There is, 
therefore, no present justification for the great expenditure necessary to pro- 
vide regulating works in the interest of power production. 


93. GENERAL ASPECTS OF REGULATION. Regulation works could be admin- 
istered to serve either of two divergent purposes. They could be used to 
decrease the fluctuations in the lake levels for the benefit of navigation and of 
riparian interests on the Lakes, at the expense of the outflow into the St. Law- 
rence; or they could be used to improve the outflow into the St. Lawrence for 
the benefit of power production and of navigation in the lower river, at the 
expense of the levels of the Lakes. The predominant interests concerned in the 
levels of the Great Lakes are in the United States; the predominant interests 
concerned in the outflow into the St. Lawrence are in Canada. Lake regula- 
tion might therefore, create points of difference between various interests in 
the two countries. It is not even possible to fix in advance a definite allocation 
of such benefits as might accrue from lake regulation, because any program 
of regulation must be based on past experience as to the supply of water to the 
lake system. If a future deficiency in supply should exceed past records in 
extent and duration, the question would arise whether the emergency should be 
met by holding back water in the lakes at the expense of the St. Lawrence, or 
whether the navigable depth in Montreal harbour is to be maintained at the 
expense of lake navigation. 


94. The regulation of lake Superior has been satisfactory to the two coun- 
tries for the reason that the fluctuations introduced in discharge from that 
lake are absorbed in the great reservoir formed by lakes Michigan and Huron 
without greatly affecting the levels of the latter or materially affecting the 
discharge of the Niagara and the St. Lawrence rivers. The recent great defi- 
ciency in supply to lake Superior, which was not anticipated when the program 
for regulation was drawn up, gave rise, therefore, to no special complications. 
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The regulation of lake Ontario, proposed as a necessary part of the improve- 
ment of the St. Lawrence, affects but one lake only, which has but 8 per cent 
of the area of the Great Lakes system. Its regulation will not affect in any 
substantial manner divergent national interests, and is a relatively minor prob- 
lem, whose solution offers no serious difficulties. The regulation of the lakes 
as a whole is an entirely different matter. 


95. CoMPENSATING Works. ‘The investigations made by the Board show 
that it is advisable to construct compensating works in the Niagara and St. 
Clair rivers to counteract the effect of all diversions and outlet enlargements 
on the levels of lakes Michigan, Huron, and Erie. 


96. Works Proposep, Niagara River. The works proposed in the Niagara 
river are located just above the contracted section of the river at Fort Erie, 
and in effect merely prolong this contracted reach. A longitudinal dyke, 
approximately one-half mile in length, is to be constructed to secure the required 
contraction. It is to be connected with the Canadian shore by a weir with its 
crest slightly below low-water-level, which will force practically all of the 
flow through the contraction at low lake levels, and a less proportion of the 
flow at high lake levels. The structures will not interfere with the free passage 
of ice, nor with such light-draft navigation as follows the river instead of 
using the Black Rock canal. In view of the approaching opening of the new 
Welland ship canal, with an increased diversion for its operation, they are 
designed to raise the low levels of lake Erie by 0.7 foot and the high levels by a 
slightly less amount. Should the amounts of the present or prospective diver- 
sions be reduced, the works can be altered at small cost to balance the reduced 
diversion. The cost of these works is estimated at $700,000. 


97. Works Proposep, St. Cuatr River. The works proposed on the St. 
Clair river are a series of submerged rock sills with crests 30 feet below the 
low-water stage of the river. It has been shown in paragraph 77 that present 
diversions and outlet enlargements have lowered the levels of lakes Michigan 
and Huron by 1.15 feet. The Board regards it as safe to restore them to the 
extent of one foot. The back-water effect of the compensating works proposed 
in the Niagara river is computed as 0.15 foot on lake Huron. It is estimated 
that 31 sills in the St. Clair river, will secure the remaining 0.85 foot of com- 
pensation proposed, at a cost of $2,700,000. 


98. This form of compensating works is selected primarily for the reason 
that the sills will not reduce the navigable width of this important waterway, 
nor will they increase the cost of providing a channel depth of 30 feet. While 
these works once built cannot be altered readily to meet a future reduction 
in the amount of the Chicago diversion, yet on account of the commercial value 
of the gravel in the river bed, it would not be costly to again enlarge the 
capacity of the river to meet such a reduction. 


99. ConstrucTION Prriops. To avoid an unwarranted reduction in the 
flow of the Niagara and St. Lawrence rivers while the lakes are being raised 
by the compensating works, the construction on the Niagara river should be 
spread over two years, and on the St. Clair river over four years’ time, and 
the prosecution of the latter should be suspended during any extreme low-water 
periods that may occur at the time they are undertaken. 


100. CompPENSATION FoR AUTHORIZED Diversions ONnuty. The ‘proposed 
compensating works will counteract not only the effect of diversions authorized 
by license in the United States and Canada, but also the effect of outlet enlarge- 
ments, diversions for navigation, and diversions not covered by license. The 
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lake levels could be restored by similar but less extensive works to the extent 
that they have been reduced by diversions authorized by license in the two 
countries. The cost of such works would be nearly proportional to the amount 
of compensation of level effected, and is estimated as follows:— 


Cost of works|Cost of works 


Diversion compensated for in Niagara | in St. Clair 
River River 
$ $ 
Chicago sanitaryeDiserictesme eee a pee ae selec ae cicero won Aes Heidel elees 400, 000 1,350,000 
Power diversions, Welland Canal fan #2 eo. ite eon Saree > ok Ie 100, 000 


COST OF DEEPENING CHANNELS THROUGH AND BETWEEN THE 
LAKES 


101. An uncompensated enlargement of the navigation channels through the 
St. Clair and Detroit rivers would slightly increase the discharge capacity of 
these rivers and hence will tend to lower the levels of lakes Michigan and Huron. 
On the Detroit river an enlargement can be compensated by the deposit of the 
excavated material. On the St. Clair river some additional compensating works 
will probably be required. The cost of these, to counterbalance the excavation 
of a channel to a depth of 25 feet, is estimated at $200,000. 


102. The cost of improving the channels between lake Erie and lake Superior 
to secure a depth of 25 feet below the levels which past experience indicates 
will be available 99 per cent of the time during the navigation season, after 
compensating works have been constructed, is as follows:— 


TWENTY-FIVE Foot CHANNEL. 


Coste ohvconipensa tinesewOrks ax, ct. sis cism ote Gict stare ere Ge cist cls eis» ses ee 3,600,000 
COSTs Ole sOXCA V0 bl Ole obi aors hoca a cxosanerayoioieks Gils iekce @ Suki. tinue eto IT ae eels aks 41,100,000 
A WOVEN I 8 ois eRe AE) sR IG TARA ROE EARS DR EER RE ayer $44,700,000 


The present project for the new Welland ship canal, when completed, will give 
this depth of 25 feet between lake Erie and lake Ontario. 


103. The estimates are based on the deepening of present channels, with 
such minor enlargements and straightening as experience with these channels 
has proved necessary. The lake levels on which the depths are based are:— 


Lia Kee SU PeL LOL Weert na iare tea rset tea ets a tome rales alee wna, hav leeayaieve wecard erate eS 601.0 
Makesa Michigans andgyl uno sag. sree oe Sep aersin ccs eee ete: Pers ercks ans Sarste 579.0 
MA ena Gee © lal Ty seston cass hee incite ov ra nese casiein ore Bi nerr es waite ih Ns oo oeagote Mewar ot Dio 
Miele Hi GMeiay ieee tenets tere rete eie. eae vena ee a Tea Tee e at te olicde eins) w/e se ayahenenre e 571.0 


The estimates do not include a new lock in the St. Marys river, since the avail- 
able depth in two locks last built by the United States, the Davis and Fourth 
locks, is 24 feet when lake Huron is at the level chosen as a basis for this 
improvement. The additional depth provided in the 25-foot channels is no more 
than is required for safe and convenient navigation. 


104. The estimates show that a saving of approximately $1,250,000 will be 
effected in providing channels 25 feet in depth through and between the lakes by 
including compensating works in the project as proposed, rather than by securing 
the depth by dredging only. The construction of these compensating works will 
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afford also increased depth in all the harbours, large and small, on lakes Michi- 
gan, Huron, and Erie, and will reduce the cost of improving such harbours as 
may be deepened to correspond with the enlarged interlake channels. Moreover, 
without compensating works, the low-water depth in the Davis and Fourth 
locks at St. Marys falls will be but 23 feet. The construction of compensating 
works is therefore fully justified. 


105. The costs of channels 27 and 30 feet deep, respectively, through and 
between the lakes at the same lake levels as those on which the channel 25 feet 
deep is based, are as follows:— 


For A TWENTY-SEVEN-Foot CHANNEL 


Compensating works, Niagara and St. Clair rivers.............. 3,700,000 
Channel excavation, lake Hrie to lake Superior.................. 54,900,000 
Locks St: Marys. riviebcn ayes othe «arom ihon sree one eee 6,500,000 
New Welland ship canal, in addition to present project.......... 1,100,000 

Total Panacea in 5 wiharra bey aye eat PMO ING hotels fo.se tole a AS ate: ONT Toleee $66,200,000 


For A Tuirty-Foor CHANNEL 


Compensating works, Niagara and St. Clair rivers............ 3,800,000 
Channel excavation, lake Erie to lake Superior................ 75,900,000 
Locdkiink St) Marysrriverstitices.. 088 wbiiet. eidkteie ie eles ieet. Ste ore 6,500,000 
New Welland ship canal, in addition to present project........ 14,100,000 

Dot ali PAINE AIS, chtettteds sc kata eho te atte ate, out ea aea eee $100,300,000 


The studies made by the Board relating to lake levels and outflow, and to works 
for their control, will be given at length in Appendix B. 
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PART III 


THE IMPROVEMENT OF THE ST. LAWRENCE RIVER 


106. This part of the report sets forth the plans presented by the Board iur 
the improvement of the St. Lawrence river for navigation and power, between 
lake Ontario and Montreal Harbour. 


DESCRIPTION 


107. For convenience of reference, the Board will use the following names 
to designate the five sections into which this part of the river naturally divides 
itself. In order downstream these are:— 

The Thousand Islands Section (Fifth Division of the Report of 1921), 
embracing the deep, lake-like reaches of the river, 67 miles in length, from lake 
Ontario to the first swift water at Chimney point, 3 miles downstream from 
Ogdensburg, N.Y., and Prescott, Ont. 

The International Rapids Section (Fourth Division of the Report of 1921), 
embracing the 48 miles of rapids and swift water between Chimney point and 
the head of lake St. Francis. 

The Lake St. Francis Section (Third Division of the Report of 1921), 
extending 26 miles through that lake to the end of deep water at its foot. 

The Soulanges Section (Second Divisién of the Report of 1921), embracing 
the 18 miles of rapids and shoal water from lake St. Francis to lake St. Louis. 

The Lachine Section (First Division of the Report of 1921), embracing lake 
St. Louis and the rapids and shoals from this lake to Montreal Harbour, a length 
of 23 miles. 


108. The first two sections lie along the international boundary, between 
the province of Ontario and the state of New York. The remaining three lie 
in the province of Quebec. The improvement of the Thousand Islands Sec- 
tion and of the Lake St. Francis Section is solely a question of excavating 
channels for navigation. The other three sections can be improved for power 
in addition to navigation. 


GENERAL FEATURES OF PLANS 


NAVIGATION 


109. FunpAMENTAL PrincripLes. The plans have been prepared in accord- 
ance with the recognized principle that the interests of navigation on the St. 
Lawrence are paramount. A full observance of this principle does not inter- 
fere with the beneficial use of the flow of the river for power generation. On 
the contrary, the improvement of the rapid sections of the river for the joint 
benefit of navigation and power affords, as a rule, much better navigation than 
could be secured by the improvement now economically justifiable in the inter- 
est of navigation alone. 


110. In accordance with its instructions, the schemes presented by the 
Board are designed to provide to the best advantage, at this time and ulti- 
mately, for the development of the capacities and possibilities of the waterway. 
The magnitude of the interests in the two countries that would be affected 
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by the improvements if the project be adopted have been fully considered. The 
Board has visualized the fullest ultimate development of the navigable capacity 
of the waterway commensurate with cost. The endeavour has been made to 
provide the maximum amount of open-river navigation, with a minimum of 
locks and of canal navigation. For the initial improvement it has adopted 
the minimum standards hereinafter set forth, but the plans are so drawn that 
the navigation improvements can be enlarged, at the least economic loss, as 
the traffic justifies further improvement. Plans that would restrict the best 
eventual development of the waterway for navigation have therefore been 
discarded. 


111. Cuannet DeprH. Conforming to the tenor of the instructions, the 
estimates are based on navigation channels 25 feet in depth. The sills of all 
locks and fixed structures are placed at 30 feet depth to permit of the future 
enlargement of the waterway. The Board has given careful consideration to 
the question whether it would be advantageous to provide initially for a chan- 
nel depth other than 25 feet (Question 9 of Instructions). A majority of the 
Canadian Section favour the initial excavation to a depth of 27 feet. This is 
the depth to which the new Welland ship canal is being carried under the 
present contracts, and to which the sections of the canal previously excavated 
can be enlarged at relatively small cost. A majority of the United States Sec- 
tion regard the depth of 25 feet as sufficient initially, in the view that a pro- 
ject for a greater depth through the interlake channels above lake Erie is not 
foreseen for a long period. To afford full information on which to base the 
determination of this broad question of economic policy, the Board presents, 
in the summaries at the end of this part of the report, the estimates of the addi- 
tional cost of excavating the channels initially to 27 feet; of the saving effected 
with an initial depth of 23 feet; and of the cost of subsequently enlarging the 
channel from 25 feet to 30 feet.. Estimates for channels 23 feet deep are in- 
cluded, since such channels would accommodate comfortably all shipping that 
can use the existing interlake channels above lake Erie. The designs herein 
presented, and the alignment of the channels, are not affected by the depth 
to which the channels are excavated initially. 


112. To remove any confusion between the depth of the channels and the 
draft of the vessels which can use them, the Board points out that channels 
25 feet in depth are suitable for safe and convenient navigation by vessels of 
not to exceed 23 feet salt-water draft, and channels 27 feet in depth by vessels 
of 25 feet salt-water draft. For vessels of this size fresh-water draft exceeds 
salt-water draft by from 6 to 7 inches. 


113. STANDARDS FOR CHANNELS AND Locxs. The Board recommends and 
has adopted the following standards for navigation improvements: 

Channels for navigation have a minimum width of 450 feet, except in canal 
sections, where they have a bottom width of 200 feet (at 25-foot depth). Open 
channels are widened where advisable on account of cross currents and at 
bends, and are both widened and deepened as required to afford suitable cur- 
rent: velocities for navigation. The minimum radius of curvature of the chan- 
nels is 5,000 feet. 

The locks conform in dimensions with those in the new Welland ship canal, 
and have chambers 859 feet in. length between inner quoin posts, and 766 feet 
between breast wall and fender. The clear width of the locks is 80 feet, and 
the depth over the sills 30 feet. Duplicate sets of gates are so provided that, 
two gates may always be closed against the upper level. Fenders will afford 
an additional safety precaution, and guard gates or emergency dams are pro- 
vided when necessary to afford a means for stopping the flow that would result 
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from the accidental destruction of any lock gates. The plans are so drawn 
that all locks can be duplicated as commerce requires additional facilities, and 
the estimates include the foundations for duplicating all flight locks, since 
these have less ultimate traffic capacity than single locks. 


114. Capaciry or Waterway. The 25-foot waterway as designed has an 
estimated traffic capacity of 24,000,000 tons per annum after any flight locks 
included in the adopted plans have been duplicated. Flight locks are included 
in alternative plans for the improvement of the Soulanges Section only. With 
these alternative plans the initial capacity of the waterway would be 16,000,000 
tons per annum until the duplicate locks of the flight were completed, after 
which the traffic capacity would be 24,000,000 tons, established by the capacity 
of the separate lock of the system having the highest lift. 


PowErR 


115. Power INnstTauLarions. The plans provide for an initial construction 
of power plants based on conservative estimates of the rate at which power can 
be marketed under restrictions as to exportation. The demand for power the 
world over is growing rapidly and the great potential power of the St. Law- 
rence river may well become an important factor in the economic welfare of the 
two countries. The Board has therefore drawn its plans with especial view to 
the eventual utilization of the complete power resources of the river. 


116. The various power houses have the capacity for the development of 
the maximum flow which the Board considers as utilizable in the future. The 
interests of navigation require that the flow down the St. Lawrence be main- 
tained at a high degree of uniformity, and prevent the maximum use of water 
for power by fluctuating the hourly flow to meet the fluctuating power demand. 
An installed capacity well in excess of the minimum flow of the river has been 
provided, however, since the increasing value of power will justify its eventual 
development from ‘the flow available ‘during high-water periods only. 


117. The ultimate installation proposed by the Board in the International 
Rapids Section is somewhat less than the installation proposed by some of the 
applicants for authority to develop power in this section. The excess installed 
capacity provided in the plans of these applicants would afford little return on 
account of the limits inherent in the regulation of flow required in the interests 
of navigation and of power downstream. 


118. The initial installation of power machinery in each power house will 
depend on the market available when the works are put in operation. For pur- 
poses of estimating the initial expenditures required, the initial installation is 
taken at 50 per cent of the eventual capacity of the power houses first con- 
structed. 


119. Wrnter Power Oprrarion. A full study has been given to the winter 
operation of power plants. The fundamental problem is found to be the main- 
tenance of the winter discharge capacity of the river without excessive loss of 
head from gorging with ice, rather than the local problems of handling the ice 
at the power plants themselves. 


120. The power sections of the river now have so rapid a current that (with 
an exception elsewhere noted in this report) they always run open throughout 
the winter. From the time that the water reaches the freezing point, in late 
December or early January, until the end of winter, these exposed reaches are 
continuously losing heat and making ice, in the form of frazil and anchor ice. 
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Frazil is the term applied to the particles of ice forming in water where the 
current prevents the formation of a surface ice sheet. These particles agglomer- 
ate in pans of soft, snow-like ice, which float down the surface of the river. 
Anchor ice is the ice forming on the bed of the river, due to the loss of heat by 
radiation. It rises to the surface when loosened by the heat of the sun, and 
floats downstream in masses resembling frazil ice. The term “slush ice” is 
often applied to both. The masses of slush ice are carried down by the current 
and pack under and against the ice sheet formed over the quiet water at the 
foot of the reach, gorging the channels to such an extent that rises in the water 
level of from 10 to 30 feet occur in winter at the foot of each open section. 


121. The construction of a dam in any of the power sections for the dual 
purpose of concentrating head for power development and of improving the river 
for navigation will, in the general case, create a deep slow-flowing pool, certain 
to freeze over early in the winter. The situation to be guarded against is the 
throttling of the river by the gorging of the channel at the upper end of.this 
frozen pool. It is established by the Board from measurements of the loss of 
heat from the river, confirmed by measurements of the ice actually formed, 
that, with the temperatures obtaining in the region, !rom 15 to 20 cubic feet of 
ice will be made in the course of a severe winter for every square foot of open 
water. It is found, however, that in all cases where the current velocity is as 
low as 2.25 feet per second, the frazil and anchor ice consolidates on the sur-| 
face when it meets an ice sheet, and extends this sheet upstream, without the 
excessive gorging and throttling of the river that occur at higher current veloc- 
ities. The plans for power development are therefore based on enlarging the 
upper reaches of the power sections by excavation where necessary to insure, 
with the discharges that must be maintained in winter, current velocities not 
exceeding 2.25 feet per second, except through short distances at the upper 
ends of the power reaches where the remaining area of open water could not 
produce enough ice to be of serious consequence. Such ice as may be formed 
Pee short distances would be stowed in nearby enlargements of the river 
below. 

With an ice sheet extending down to the intakes of the power houses, the 
operation of the power plants will be nearly, if net entirely, free from ice 
difficulties. 


122. MopIFICATION OF PLANS DURING CONSTRUCTION. In such an extensive 
project as that for the improvement of the St. Lawrence it is not possible, even 
in the time consumed by the Board in its investigations, to arrive at the best 
possible design of all features of the project, both for navigation and for power. 
The estimates are based on safe and adequate structures and channels, but it 
is expected that the responsible authorities in charge of the construction will 
exercise the usual latitude in making such alterations as are found to be desir- 
able in consequence of more detailed studies, and the development of the art. 


‘123. Datum PLANE USED IN Report. All elevations in this report are ele- 
vations above mean sea-level. The precise reference planes used are described 
in Appendix C. 


THOUSAND ISLANDS SECTION 
(Fifth Division of Report of 1921) 


124. This section, 67 miles in length, extends from Tibbets point, taken 
as marking the end of lake Ontario, to Chimney point, 3 miles downstream 
from the towns of Ogdensburg, N.Y., and Prescott, Ont. The river is generally 
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broad, deep and slow flowing, with a total fall at mean stage of but about one 
foot. Between Clayton, N.Y. (mile 20) and Brockville, Ont. (mile 52) a num- 
ber of granite reefs endanger navigation, and the narrow deep channels through 
the Thousand Islands and the Brockville group require some straightening for 
safe and convenient navigation by deep-draft vessels. The improvement pro- 
posed is the removal of twelve reefs and the cutting back of four projecting 
points, all to a depth of 25 feet below a datum plane corresponding to elevation 
242.5 on lake Ontario. The cost, determined from a detailed survey made by 
the present Board, is $1,100,000. Details of the estimate are given in Appendix 
NF 


125. The work recommended follows the same lines as that proposed in the 
Report of 1921, but the estimated cost is greatly increased on account of the 
more accurate data secured since that report. 


INTERNATIONAL RAPIDS SECTION 
(Fourth Division Report of 1921) 


126. DescripTion. This section extends from Chimney point (mile 67) to 
Colquhoun island (mile 115), opposite St. Regis, at the head of lake St. Francis, 
a distance of 48 miles. The river here runs in a succession of rapids, beginning 
with the Galop rapids, near the head of the section, and ending with the Long 
Sault rapids (miles 103 to 104), with the Rapide Plat just above Morrisburg, 
about midway between. Swift currents predominate in the reaches between the 
rapids and extend to the middle of Cornwall island (mile 111). The total fall 
through the section at mean river stage is 92 feet, of which approximately one- 
third occurs in the first 18 miles above the foot of the Rapide Plat at Ogden 
island, and the remaining two-thirds below that point. The present 14-foot 
navigation on the river is carried around the rapids by a series of side canals 
along the Canadian shore. 


127. Prion Puans. The improvement proposed in the Report of 1921 was 
the construction of a dam in the Long Sault rapids which would raise the water 
level to elevation 231, creating a pool reaching into the Rapide Plat at Ogden 
island. At Ogden island a second dam with a lock was to be constructed, which 
with suitable channel enlargements would carry navigation through the upper 
part of the section. A canal along the Canadian shore, 8 miles in length, with 
two locks, was to carry navigation from the pool formed by the lower dam back 
to the river at the town of Cornwall. The plan included the development of 
power at a Canadian and an American power house located at the foot of Barn- 
hart island, with a head of 74 feet and a total installed capacity of 1,777,360 
horse-power. In addition, a second power plant with a capacity of approxi- 
mately 60,000 horse-power, located near the head of Long Sault island, was to 
develop the surplus head of 29 feet created in the diversion which feeds the 
power plant of the St. Lawrence River Power Company at Massena, N.Y. The 
head available at the upper dam at Ogden island, amounting to about 8 feet 
during the ice-free months, was not to be developed for power. It was estimated 
that most of this head would be absorbed in winter by the increased river slope 
due to ice conditions. The structures creating the lower pool were, however, to 
be so designed that the pool level could be raised to recover a part or all of the 
head lost at the Ogden island dam, if desired at a future time. 


128. Purans Proposep. The present Board concurs in the opinion that the 
improvement of the International Rapids Section should include the develop- 
ment of power. Its length is such that a side canal for navigation would be 
extremely costly and would impose an unnecessary hindrance to shipping. 
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129. The Board has given extended study to various plans for improving 
the river for power and navigation, including those presented by the Hydro- 
Electric Commission of Ontario and others to the International Joint Commis- 
sion in 1921 and those recently submitted by American Corporations to the 
Water Power Commission of the State of New York. 


130. The Board is of the opinion that the plan presented in the Report of 
1921, although in a general sense practicable, should be modified to secure 
more dependable winter operation and to assure the fullest practicable utiliza- 
tion of power resources of the river. 


131. Two plans meeting these requirements Bare been prepared by the 
Board, one for a single-stage development, with a dam and power houses in 
the vicinity of Barnhart island, at the foot of the reach, but with control gates 
at Galop island at the head ofthe reach, except across the channel provided 
for navigation.* The second scheme is for a two-stage development, with two 
pools, the upper pool formed by a dam and power house at Ogden island, just 
above Morrisburg, and the lower pool (at normal elevation 224) by a dam and 
powerhouses at Barnhart island.** 

132. Navigation. With the single-stage development, navigation enters 
the pool through a free channel from the upper river, and passes from the 
lower end of the pool through a canal, with two locks, on the United States 
side of the river, which leads to the south channel at Cornwall island, thence a 
free channel leads to lake St. Francis. With the two-stage development navi- 
gation similarly enters the upper pool through a free channel, passes from the 
upper to the lower pool through a lock at Odgen island, and from the lower 
pool to the south channel at Cornwall island by a canal with two locks as in the 
single-stage scheme. The two-stage scheme Aa one more lock than the 
single stage. 


133. AvAILABLE Heaps, SINGLE Stace Pian. The levels of the pool of the 
single-stage development, during the ice-free months, after the full estimated 
channel enlargements have been made, will vary normally between the limits 
of elevations 240 and 244, depending on the level of lake Ontario and the flow 
of water determined by the program of regulation. The tail-water elevation 
will be about elevation 157. Further channel enlargement below the power 
houses may lower the tail-water somewhat and add to the head, but the increased 
power made available is not considered in this report. The normal summer 
head at the power houses of the single-stage development will therefore be 
about 85 feet. The increased slope of the pool in winter due to ice retardation 
is expected to amount to about 6 feet, and a rise of about 4 feet in the tail- 
water levels is anticipated from the increased slopes below the power house, 
so that the net winter head expected is about 75 feet. 


' 134. AvamLaBLE Heaps, Two-stage Puan. With the two-stage develop- 
ment, the lower pool will be kept closely to elevation 224, both summer and 
winter, giving a summer head of 67 feet and a winter head of 63 feet. The 
summer levels of the upper pool at the Ogden island power houses will range 
between elevations 241 and 245. On account of the slopes of the lower pool, 
the summer head at the Ogden island power houses will be about 17 feet. A 
winter head of 12 feet is expected. The plans and estimates provide for the 
utilization of a head of 21 feet temporarily during the period between the com- 
pletion of the upper and lower plants, respectively. 

* The plans provide for partly closing the navigable channel by control gates, leaving a free opening 
for navigation at least 450 feet in width. 

** Attention is directed to an alternative two-stage project which was prepared after Par. 131 to Par. 
166 of this Report was presented in November, 1926. In the alternative project, the upper dam is placed 
at Crysler Island instead of at Ogden Island. It is described in Appendix “‘C,’”’ Par. 120 to Par. 134. 
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135. Maximum INsTALLED Capacitias. The maximum flow which the Board 
regards as eventually utilizable at the Barnhart island power houses is 245,000 
cubic feet per second at winter head. The equivalent capacity at summer head 
in the single-stage development will be 261,000 cubic feet per second, and in 
the two-stage development 252,000 cubic feet per second. The utilization of 
such large flows will not be economically justified at the Ogden island power 
houses of the two-stage development, and the ultimate installation at these 
power houses is based on a flow of 212,000 cubic feet per second at winter head, 
equivalent to 240,000 cubic feet per second at summer head. The installed 
capacity of the power houses of the single-stage development based on the 
summer head and flow, and, including spares, is 2,326,000 horse-power. The 
installed capacity of the two-stage development, on the same basis, is as 
follows:— 


Lower power house, Barnhart island................ 1,808,600 horse-power 
Upper power house, Ogden island................00:% 406,400 horse-power 
Total oe este eo heh ec cptaeh sate eee 2,215,000 horse-power 


136. The fact must be appreciated that the additional capacity proposed 
in the single-stage development is not a measure of power which can be 
delivered. Except for the slightly less efficiency of the machinery of the Ogden 
island power houses, which would not materially affect the total, the power 
that can be delivered depends on the flow of water available, which will be 
less than the installed capacity of the plants for the considerable part of the time. 


137. WinTER OPERATION, SincueE-Stacr Pian. As for winter operation, the 
pool formed by the single-stage development is so wide and deep as far upstream 
as Ogden island that an ice cover will form over it promptly. The plans and 
estimates provide for the eventual enlargement of the constricted portions of the 
river from Ogden island as far upstream as Lotus island (at the foot of the 
Galop rapids), to the extent necessary to secure current velocities not exceeding 
2.25 feet per second, in order to assure satisfactory ice conditions in winter. The 
contracted section from the foot of Lotus island to the head of Galop island, 2.5 
miles in length, is to be given the area required for satisfactory navigation only, 
and is expected to have an open channel in winter; but the extent of this open 
water would be too limited to be of serious consequence in winter operation. 


138. The amount of channel enlargement required to assure satisfactory 
winter operation cannot be predicted in advance with certainty. It is proposed 
to execute initially only such enlargement as is necessary to insure satisfactory 
navigation conditions, and to prosecute this enlargement after the pool has been 
created, when dredging can be done more advantageously, until satisfactory 
winter operation is secured. The control of the head through the section afforded 
by the control gates at the Galop will afford a means for insuring the winter dis- 
charge capacity of the river during this period. 


139. Winter Operation, Two-Stace Pian. In the two-stage develop- 
ment some enlargement of the channels in the 8-mile reach between Ogden island 
and Weavers point is required to secure the desired low current velocities to assure 
winter operation. Above Ogden island the enlargement required will be identical 
with that required in the single-stage development. This enlargement must be 
completed before the complete scheme is put in operation, in order to ensure 
control of the winter flow and provide uninterrupted power at the Ogden island 
plant. 
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140. Controu or Ferry Operation. Is is assumed that proper control will 
be exercised over the ferries operating between Ogdensburg and Prescott to 
prevent the ice situation from being aggravated by the breaking up of the ice 
sheet between these towns and Galop island by these agencies. 


141. Costs. The cost of the single-stage development, including the full 
channel enlargement to insure satisfactory winter operation, is estimated at 
$235,000,000. The cost of the two-stage development is estimated at $264,600,000. 


142. RecomMenpations. The United States Section of the Board recom- 
mends the single-stage development as affording better navigation by eliminating 
one lock, and obtaining slightly more power, at a cost of $29,600,000 less than 
the cost of a two- stage development. 


143. The Canadian Section of the Board recommends the two-stage develop- 
ment on the ground that it can be carried out in two parts, so that the power from 
the upper development can be developed and marketed before the whole of the 
improvement is completed. It believes that for this reason its overall cost, 
including interest charges, will not be as greatly in excess of the single-stage 
development as appears from the comparative costs without interest charges. It 
believes that the control over the flow of the river will be better assured. The 
flowage of land will be reduced from about 28,000 acres to about 18,000 acres.* 


144. Location or BarNuHartT IsLanD Dam anp Powsrr Hovusgs. Whatever 
plan be adopted, there is a choice of sites for the dam and power houses in the 
vicinity of Barnhart island that create the pool of the single-stage development, 
or the lower pool of the two-stage development. A suitable site for the dam 
exists at the foot of the Long Sault rapids, on an arc extending from the head of 
Barnhart island to the foot of Long Sault island and thence to the United States 
shore. With a dam at this site, the channel between Barnhart and Sheek islands 
would be utilized as a forebay channel to the power houses, which would be 
located at the foot of Barnhart island. This general arrangement was contem- 
plated in the Report of 1921. For the 224 two-stage development it is proposed 
to supplement the capacity of this forebay channel. by utilizing also the channel 
known as Bergen lake, between Sheek island and the Canadian shore. The low 
banks prevent the use of this channel for that purpose at the high levels of the 
single-stage development. 


145. With the dam built at the foot of Long Sault island, the navigation 
canal from the pool would leave the river at the middle of Long Sault island. It 
would be 6.9 miles long. 


146. The second site for the dam is across the main river at the foot of 
Barnhart island. ‘The foundation rock is here quite deep. With a dam at this 
site the navigation canal would leave the river at Robinson’s bay, and its length 
would be reduced to 2.9 miles. The power houses would be adjacent to the dam. 
Two alignments for the dam and power houses at this location are shown on the 
plans, either of which is regarded as satisfactory. 


147. The United States Section prefers the location for the dam at the foot 
of Barnhart island, since it reduces the length of the navigation canal, reduces 
the chance of local ice difficulties in winter (since the section of the pool above 
the power houses is ample to insure a firm ice cover), and simplifies operation 
through the juxtaposition of the dam and power houses. The Canadian Section 

*The above acreages include all lands the purchase of which is contemplated in the estimates. The 


area of land «stually inundated at maximum emergency levels, including the inundated portions of islands, 
will be 22,000 acres and 12,000 acres respectively. 
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prefers the location at the foot of Long Sault island on account of the higher rock 
foundations there found, which it believes will lessen construction difficulties. 
The choice between the two locations is regarded as a matter of detail, to be 
“settled by the constructing agencies after the general type of development has 
been determined. 


148. The plans for the single-stage development submitted with this report 

_show the dam across the main river channel at the foot of Barnhart island. Those 

for the two-stage development show it at the foot of Long Sault island. In the 
opinion of the Board either location can be used with either development. 


149. Controut or Ftow. Whether the single-stage or the two-stage develop- 
ment is finally selected as best meeting the joint interests of the two countries, the 
Board points out that the use of water at the power houses and the operation of 
the sluice gates, which with the wheels control the flow of the river, should be 

- under the control of an international board. That board should be clothed with 
full authority to take such measures as will insure the regularity of flow that is 
necessary in the interest of navigation in the lower river, and of the power houses 
downstream; and to insure such flows as will maintain the levels of lake Ontario 
within proper limits, while preserving the volume of flow required to prevent 
injury to navigation at and below Montreal. 


150. ALTERNATIVE Plans ConsiperEeD. Of the various alternative plans for 
the improvement of the International Rapids Section submitted to the Inter- 
national Joint Commission in 1921, the one requiring especial consideration at 
this time is that for navigation and power development proposed by the Hydro- 
Electric Commission of Ontario and designated as Scheme “B”. This provided 
for a two-stage development broadly on the same lines as those proposed by the 
Canadian Section herein, except that the lower pool was to be held at elevation 
210, or 14 feet below the elevation proposed in this report. At this low elevation a 
large amount of excavation would be required to secure suitable channels for 
navigation through the lower pool; and an enlargement to secure the low velocities 
regarded as necessary for satisfactory ice-covered winter operation would be 
excessively costly, and was not contemplated by the proponents. On the other 
hand, the higher head at the Ogden island power plants, amounting to about 30 
Ee) reduced materially the cost per horse-power of development of the upper 

ead. 


151. The operation of this scheme was based on maintaining an open chan- 
nel through the river during the winter, and only such channel enlargements 
were proposed as would be necessary for navigation. 


152. The cost, on estimates paralleling those herein presented for a single- 
stage and two-stage development, would be $254,000,000. 


153. The studies of the Board, and its investigations of power plants oper- 
ating under similar climatic conditions, show conclusively that it is neither 
feasible nor desirable to maintain an open channel through this section in winter 
when it is improved for power. Even with the present current velocities the ice 
has at various times caught across the river in the quieter reaches of the section, 
starting an ice pack which quickly attained large proportions and raised the 
river level by as much as 10 feet. The likelihood of the ice catching to form 
ice jams would be increased after the river has been improved, on account of the 
greatly reduced current velocities. It is certain that an open channel through 
this 35-mile stretch could not be maintained without ice breakers; and all experi- 
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ence shows that a reasonable number of ice breakers could not be depended upon 
to keep open continuously so long a channel under these conditions. If, how- 
ever, an open channel were maintained by such means, the accumulation of ice 
below the power houses of the lower pool at Barnhart island would raise the tail- 
water level at these power houses to such an extent that their output would be 
greatly curtailed. 


154. Other alternative plans presented to the Joint Commission in 1921 were 
for two-stage developments with the upper dam at Crysler island (6 miles down- 
stream from the foot of Ogden island), and at Cat island (10 miles downstream 
from the foot of Ogden island). The further borings made at the Crysler island 
site show that the foundation conditions are not as good as were first supposed,* 
and the proponents of the Cat island dam site now prefer a full single-stage 
development broadly on the lines of that proposed by the United States Section 
herein. 


155. ImpRoveMENT FoR NAVIGATION ONLY. The least expensive method 
developed for improving the river for navigatoin alone is through the con- 
struction of a side canal on the American shore from the Galop rapids to Ogden 
island. Navigation would there enter a pool, with water level at elevation 220, 
to be formed by a dam at the head of the Long Sault rapids, and from this 
pool pass to-the south channel of the river at Cornwall island through a canal 
on the same line as that proposed for the two-stage development. The navigation 
provided by such a plan would be far inferior to that provided by either the 
single or the two-stage developments respectively proposed, The estimated cost 
is $79,000,000. 


156. Summary. Two alternative schemes for the improvement of the Inter- 
national Rapids Section in the joint interest of navigation and power are pre- 
sented by the Board as best providing for the development of the capacity and 
possibilities of this section. 

Their respective estimated costs are as follows:— 


(1) Single-stage Development— 


Worksuisolely , LOL MaVvigaplon. sep ciceiescis ctetc she erelee Saale 22,000,000 
Works common to navigation and POWEeLr...........eeecees 106,500,000 
Works primarily for power— 
Substructures and head and tail race excavation...... 42,000,000 
Puperstructures and) MachInerya wale Weis cece s seem eee 64,500,000 
Total cost (2,326,000 installed horse-power)........... tees 99235,000;000 


Initial cost with installation of 1,163,000 horse-power 
(remaining installation deferred awaiting growth of 
market) we svourne airs dd ord eyeig Mis doped Sateen « crete let diane $203,000,000 


Estimated initial expenditure to open navigation and 
provide 1,163,000 installed horse-power before channels 
are enlarged to ensure winter operation (See par. 


137g UBS). oe eas sic at ts. ech cet act UC Le Ae cack cite ie eke ie $190,000,000 
(2) Two-stage Development— 
Upper Pool— 
Works solely for navigation...... dehiawte 8,093,000 
Works common to navigation and power.. 53,726,000 


Works primarily for power— 
Substructures, head and tail race 
excawatlon) cas sedate Reese Mise ay 23,737,000 
Machinery and superstructure........ 33,829,000 119,385,000 


* “Additional borings, made since the preparation of this paragraph, have changed the conclusions of 
the Canadian Section of the Board, in regard to the Crysler Island dam site. See Appendix “C,” Par. 120 
to Par. 134.’’ 
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(2) Two-stage Development—Concluded. 
Lower Pool— 
Works solely for navigation.............. 125,388,000 
orks common to navigation and power.. 37,130,000 
Works primarily for power— 
Substructures, head and tail race 


EXCAVALION ON Meters omnes oa teas 36,866,000 
Machinery and superstructure....... 45,777,000 145,161,000 
Total cost (2,215,000 installed 
HOLSE- DOWEL) ius sie o Clase race ecelags pW EROS cts. 0 5 $264,546,000 
Hounded ucotalacte rss eis seetle des be ces eater $264,600,000 


Estimated initial expenditure to open navigation and provide 
406,400. horse-power in upper plant and 756,600 horse-power 
in lower plant (remaining installation in lower plant 
deferred awaiting growth of market)........ceseeeeeeees $238,400,000 


Estimated initial expenditure to open navigation and provide 
1,163,000 horse-power at lower plant (remaining installation 
at lower plant and all that of upper plant being deferred). $214,500,000 


These estimates exceed those given in the Report of 1921 because they pro- 
vide a fuller power development, and more elaborate measures to ensure satis- 
factory winter operation, besides being based on the higher unit costs indicated 
by the detailed studies made by the present board. 


LAKE ST. FRANCIS SECTION 
(Third Division of Report of 1921) 


157. This section extends from Colquhoun island opposite St. Regis (mile 
115) to deep water at the foot of lake St. Francis (mile 141). The currents 
through the lake are sluggish, and the total fall through the section is about one 
foot. While the lake contains many shoals, deep channels extend through it. 
The work proposed is the dredging necessary to secure a suitable channel. It is 
on substantially the same lines as was recommended in the Report of 1921. The 
estimated cost, for a channel 25 feet deep below a datum plane having an eleva- 
tion 151.5 at the head of the lake and 150.5 at its foot, is $980,000. The esti- 
mates differ by a small amount from those shown in the Report of 1921, prin- 
cipally because the limits of the section are slightly changed to conform to the 
modifications of the project in the International Rapids Section. 


SOULANGES SECTION 
(Second Division of Report of 1921) 


158. Description. This section, 18 miles in length, extends from deep 
water in lake St. Francis (mile 141) to deep water in lake St. Louis (mile 159). 
The river falls from lake St. Francis to lake St. Louis in a succession of rapids, 
the Coteau rapids at, the head, the Split Rock and Cascades rapids at the foot, 
and the Cedars rapids about midway. The total fall through the section at 
present mean stages of the two lakes is 83 feet. 


159. Present 14-foot navigation passes through the Soulanges canal, par- 
alleling the river on the north. 


160. There are a number of existing power developments in this section, 
which are described in Appendix C. The most important is that at the Cedars 
rapids where a third of the low-water flow of the river is diverted through a 
headrace canal to a power house with an installed capacity of 197,000 horse- 
power, at 32-foot head. 
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161. Prior Prans. The improvement proposed in the Report of 1921 was 
a lateral canal, 15 miles in length, for navigation only, on the south side of the 
river, designated as the Melocheville-Hungry Bay Route. The report outlines 
a plan for navigation in conjunction with complete development of power, but 
contains the opinion that the rate of growth of the market for the large block 
of 1,560,000 horse-power afforded by the development was insufficient to justify 
its adoption. 


162. IMPROVEMENT FOR NAVIGATION AND Power. The Board finds that it 
is practicable and advantageous to combine the improvement for navigation in 
this section with the development of power on a progressive program of con- 
struction of power plants, only the first part of the power development being 
undertaken in conjunction with the works required to carry navigation through 
the section. 


163. In brief, this plan provides for a dam at the head of the Cedars rapids, 
which will create a pool having a level from 14 feet to 5 feet below the level 
of lake St. Francis. The shores of that lake are so low that the raising of its 
high-water levels would destroy large areas of agricultural land and, aside. from 
the large cost involved, is highly undesirable. The plans therefore include an 
extensive enlargement of the discharge capacity of the Coteau rapids to insure 
that the backwater slope will not raise the high levels of the lake. Navigation 
passes from lake St. Francis to the pool by a canal around the Coteau rapids, 
3 miles in length with a low lift lock. Even with the enlargement proposed, the 
currents in these rapids will be too swift for safe navigation, and especially for 
safe passage through the draw in the railroad bridge which here crosses the 
river. The canal has, however, been given such an alignment that it can be 
converted into an open channel when the traffic justifies the large additional 
cost. A second canal, 5 miles in length, with two lift locks, carries navigation 
from the pool to lake St. Louis. These locks may be either in flight or separated 
by a short pool. The difference in cost in favour of the separate locks is small. 


164. The first part of the power development is the generation of a total 
of 382,000 horse-power at a power house with 22-foot head incorporated in the 
dam. The present Cedars plant will be continued in operation, water being 
fed into the headrace through sluice gates. 


165. The second part of the progressive development now envisaged is the 
generation of 500,000 horse-power at 75-foot head at a power house located 
on the shore of lake St. Louis north of Cascades point, and near the Chamberry 
gully. It will be supplied through a headrace canal formed, in part, by the 
enlargement of the navigation canal. 


166. The third part is the construction of a dam and power nReaee with 
a 53-foot head, at the Cascades rapids, at the foot of the section, which will 
develop a total of 974,000 horse-power. The present Cedars plant will then 
be put out of commission. 


167. The estimated cost of these works is as follows:— 


First part, including navigation works........escececececeece ‘103,945,000 
Second! ipartiey. Bt. Ieee eae ole eo sc cite RE: 37,291,000 
Dhind ppanti sista. ode chastias Cum he sleet meets lonact ere arora ae tee aerate 63,816,000 


Dota See crate we oleate aes tls Sea Mo Ue sails Meme $205,052,000 
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168. The installed capacities in these plants, including spares, at normal 
summer heads are:— 


EP matyipavtirys reftiasin tke Aste ee oes eee s Sete oes re 404,300 horse-power 
SEPT One a Ss Ae RPP RES nly |) Re Re irce Aiesrec ee ee 545,000 horse-power 
PEDIC ATG ele ree es snr a ieee tel ete ialels hicks Slaele ole e aohele ces 1,030,400 horse-power 

COYLE Ma beste ela gy nena ay iit abe vic ete aca Sty Spae 1,979,700 horse-power 


169. If but one-half of the hydro-electric machinery is installed when the 
first part of the program is initially constructed, leaving the other half to be 
installed as the demand for power develops, the initial expenditure required to 
open navigation and provide 202,000 horse-power becomes $92,000,000. 


170. CompLets River DevetopmMENT. An alternative scheme which affords 
the maximum open river navigation warrants description. In this scheme two 
dams with power houses would be constructed initially, the upstream dam 
substantially on the line of the dam proposed in the first part of the recom- 
mended scheme, and the second dam and power houses at the Cascades rapids 
at the site of the structure forming the third part of the progressive power 
development therein contemplated. Navigation would pass from lake St. 
Francis to the pool formed by the upstream dam as in the recommended 
scheme. From this pool it would pass through a short canal and lock to the 
pool formed by the Cascades dam and power houses, thence through a lock 
directly to lake St. Louis. The 5-mile canal provided in the recommended 
scheme between the upper pool and lake St. Louis thereby would be eliminated. 


171. The pool of the Cascades dam would be held at elevation 115, giving 
a 43-foot head between this pool and lake St. Louis, instead of the 53-foot head 
contemplated in the third part of the recommended project. This change would 
reduce the difference of levels to a conservative lift for a single lock. The power 
houses at the upstream dam would be so located as to develop the remaining 
30 feet of head available in the section. 


172. The scheme would entail the reconstruction of the existing Cedars 
power plant as a part of the initial work, instead of permitting a postponement 
until the last part of the power development program. Arrangement would have 
to be made to supply the present customers during the reconstruction period. 


173. The total cost of this alternative scheme, with a complete eventual 
installed capacity of 1,948,000 horse-power, would be $194,317,000 exclusive of 
interest charges, or approximately $10,700,000 less than the cost with the plans 
recommended. On the other hand, the initial expenditure would exceed largely 
the initial expenditure required with the recommended plan. The initial power 
installation must include, in addition to such new power as is provided, an 
installation of 207,000 horse-power to replace power lost at existing plants, this 
being 197,000 horse-power at the present Cedars plant, and 10,000 at other 
plants. The initial expenditure required to open navigation and to provide an 
installation of 404,300 horse-power of new power, together with this replace- 
ment of power at existing installations, would be $123,400,000, against the 
minimum initial expenditure of $103,945,000 required with the same installation 
of new power under the recommended plan... Unless power can be sold more 
rapidly than the Board is led to believe, the interest charges on the $19,455,000 
increased initial cost would overbalance the $10,700,000 difference between the 
ultimate costs of the completed projects indicated by the foregoing estimates. 
The scheme makes a maximum use of the river and merits serious consideration 
if a market for the large amount of power can be developed within a reason- 
able period. 
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174. IMPROVEMENT FOR NAVIGATION ALONE. ‘The schemes studied by the 
Board for providing navigation alone are:— 


(a) A lateral canal on the south side of the river extending from Hungry 
bay to Melocheville, substantially as recommended in the Report of 
1921. Its estimated cost is now $33,640,000. 


(b) A lateral canal on the north side of the river, so designed as to con- 
form to an eventual combined improvement of the river for navigation 
and power on the lines recommended by the Board. Essentially, 
this scheme embraces the construction of the upper and lower lateral 
canals proposed in the combined improvement, with a land canal con- 
necting them, the latter to be abandoned when the river is improved 
for power. The estimated cost of the canal, complete, is $40,378,000. 

The part of the land canal that would be abandoned for naviga- 
tion would be used in part for drainage. Its estimated cost is $6,382,000. 
The estimated cost of the river connections is $1,922,000. 


(c) A river improvement as proposed in the recommended scheme, with 
substructures for power plant, but without power installation. Its esti- 
mated cost is $78,515,000. 


175. Conclusions. 'The Board unites in the view that the navigation 
improvement combined with the progressive development of power (paragraphs 
162 to 169) hereinbefore set forth better provides for the present and future 
development of the waterway than any scheme for navigation alone, and is 
therefore the desirable scheme, if arrangements are made whereby power interests 
bear a fair proportion of the cost of the initial expenditure required. 


176. If it be found impossible to arrange for such co-operation in meeting 
the initial cost, a majority of the Canadian Section favour the construction of 
the lateral canal on the south side of the river (Melocheville-Hungry Bay pro- 
ject) which is the least expensive means for providing navigation. The United 
States Section submits the view that a route designed to serve so large a terri- 
tory will demand eventually the freer navigation of an open river. It believes, 
therefore, that even if arrangements cannot be made for the participation of 
power development in the initial improvement, it will be better to adopt the 
river development (navigation scheme c) or a canal on the north side capable 
of conversion into a river development (navigation scheme 0) rather than the 
Melocheville-Hungry Bay route, the investment in which would largely be lost 
when a river development is adopted. 


177. A detailed description of the works proposed in the combined naviga- 
tion and power project recommended, including those necessary to prevent undue 
flowage, with detailed estimates of cost, and a discussion of alternative schemes 
and their relative economic values at various rates of power consumption, are 
given in Appendix C. A general analysis of the estimated cost of the initial 
part of the recommended combined navigation and power project is as follows:— 


Wiorks solely) for Havigationt.) ... «sistas o bleeidilelatinsianiaied + cle th ot 31,594,000 
Works common to navigation and POWEYL......s.secsecrcscoece 34,686,000 

Works primarily for power— 
Substructures, and head and tail race excavation......... 13,079,000 
Superstructure and machinery..........ccesceccsscscncss 24,586,000 
We) ve Mie deh ecu oe era eer erties Stoncracosrhic.caticucucec $103,945,000 


Cost with initial installation of one-half of power machinery.. $92,000,000 
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LACHINE SECTION 
(First Division of Report of 1921) 


178, Description. This section extends from deep water at the head of 
lake St. Louis (mile 159) to Montreal harbour (mile 183). The first 11 miles 
are through the deep water in the upper part of the lake; the next four miles are 
through the shoal water at its foot. From the foot of the lake, the river runs 5 
miles with swift currents, through a channel badly obstructed with rock reefs, 
to the Lachine rapids. It drops through these rapids to the La Prairie basin, a 
wide expanse of shoal water, 5 miles in length; thence falls through a mile of 
shoal, swift running channels, to Montreal harbour. The total fall through the 
section is about 48 feet, of which 9 feet is between the upper end of lake St. Louis 
and the head of the Lachine rapids, 24 feet through these rapids, 4 feet through 
the La Prairie basin, and 11 feet between the La Prairie basin and Montreal. 


179. The course of the river from lake St. Louis to Montreal harbour 
describes a wide bend to the south. The present 14-foot navigation passes 
through the Lachine canal, which cuts through the city across this bend. 


180. In this section the St. Lawrence begins to receive water from the Ottawa 
river, The Ottawa discharges into the lake of Two Mountains, which lies just 
north of lake St. Louis, and is at a slightly higher level. That lake discharges a 
part of the flow through two outlets into lake St. Louis and the remainder into 
the St. Lawrence below Montreal, through two rivers lying to the north of the 
city. On account of the widely varying flow of the Ottawa, the range in the 
levels of lake St. Louis is abot 8 feet. 


181. The winter rise of the river due to the ice gorging raises the water in the 
La Prairie basin by 10 feet or more. 


182. Prion Puans. The improvement proposed for this section in the Report 
of 1921 was a side canal, 9 miles in length (10 miles to the end of the Lachine 
breakwater), with two lift locks and one guard lock, extending from the upper 
entrance to the present Lachine canal across the bend in the river to a point on 
the shore 3 miles above Montreal harbour (avoiding the built up portion of the 
city), thence along the shore to the harbour. The eventual increase in depth 
from the 25 feet provided in that report to 30 feet was to be secured by a dam in 
the Lachine rapids, which would raise the low-water levels of lake St. Louis and 
the upper canal level by 5 feet. The report considered, but did not recommend, 
an alternative project for combining navigation and power by constructing a 
dam and power works in the Lachine rapids. 


183. PLAN RecoMMENDED BY Boarp. The Board has examined with care 
the feasibility of utilizing the contracted section of the river above the Lachine 
rapids for navigation, in connection with power development at these rapids, 
but finds that, without an excessive amount of costly excavation, the currents 
created by the concentration of the fiow in the excavated channels would be 
excessive for navigation, even if the railroad bridge which here crosses the river 
were raised, at large cost, to provide overhead clearance. A side canal affords, 
therefore, the most suitable route for navigation between Montreal harbour and 
lake St. Louis. 


184, The westward growth of the built up sections of the city of Montreal 
has.already encroached on a part of the route selected for the canal in the Report 
of 1921. It is highly advisable to build the canal on a location that will not 
interfere with the future growth of the city and will eliminate the difficult problem 
inherent to the crossing of land and water traffic with the consequent incon- 
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venience and delay to both. The route now proposed, therefore, follows close to 
the river bank throughout and consequently cuts off no area capable of urban 
development. Its length and its cost are substantially the same as on the route 
recommended in the Report of 1921. The canal has three lift locks and a 
guard gate, instead of the two lift locks and the guard lock proposed in that 
report. But 4 miles are in land cut with minimum section. The remaining 6 
miles (counting the length to the end of the Lachine breakwater) have a minimum 
width of 300 feet. The additional lock assures the minimum alterations in 
sewerage and water supply systems, including the Montreal aqueduct. When the 
project is adopted, details can be modified to conform to any projected changes 
in these public utilities. : 


185. The excavation of the upper level of the canal, and through the long 
shoals at the foot of lake St. Louis, can be reduced by the construction of a con- 
trol dam in the river at the head of the Lachine rapids, above Heron island, to 
raise the low-water levels of lake St. Louis to elevation 71 during the navigation 
season. Since at low stages this would back the water up into the lake of Two 
Mountains and slightly raise also the low-water levels of the latter, it is necessary 
to construct supplementary control works at the two northerly outlets of that ~ 
lake (Mille Iles and des Prairies rivers) in order to preserve the present distri- 
bution of the flow of the Ottawa, and to prevent a reduction in the flow in the 
main channel of the St. Lawrence past Montreal. The cost of the entire system 
of control works is about $2,000,000 in excess of the saving in excavation costs; 
but these works will reduce the cost of a future development of power at the 
Lachine rapids, besides being of benefit to local navigation on the two lakes. 
Their construction is therefore desirable, and is included in the plans of the 
initial improvement for navigation. 

A detailed description of the improvement proposed is given in Appendix C. 
Its complete cost is estimated at $53,000,000. 


186. Power DrveLtopmEeNT. The Board concurs in the views expressed in 
the Report of 1921 that the feasible power production in this section is limited 
to the development of the head of a little more than 30 feet available above the 
- foot of the Lachine rapids. The winter rises of the river drown out the remain- 
ing head, and the upper level of a power development cannot be carried below 
the foot of these rapids without causing widespread flood damage. 


187. To assure the safe and dependable winter operation of a power develop- 
ment at the Lachine rapids, the discharge capacity of the contracted reaches 
above these rapids should be so enlarged that the maximum winter current 
velocities will not create ice gorging. The alternative of a development based 
on maintaining an open channel through the river in winter is rejected as 
hazardous for the same reasons that such a proposal is rejected in the Inter- 
national Rapids Section (paragraph 153). 


188. The most feasible method of enlarging the discharge capacity of the 
river is found to be the construction of a deep, concrete-lined headrace canal 
on the south side of the river. The plans for improving the river for power 
provide, therefore, for a development in two parts. The first part is the 
construction of such a power canal along the south shore, from the foot of lake 
St.. Louis to the Lachine rapids, designed to carry a flow of 120,000 cubic feet 
per second at so high a velocity that an ice cover cannot catch across to form 
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an ice jam. The water would be delivered to a power house on the south shore 
at the foot of the rapids, discharging into the La Prairie basin, and would 
develop 391,000 horse-power. 


189. A control dam in the river, with auxiliary structures at the outlets of 
the lake of Two Mountains, is required with the first part of the development, 
to prevent the lowering of lake St. Louis by the large diversiori, and to secure the 
maximum allowable head at the power-house. The main control dam in the river 
would be at the head of the Lachine rapids, at the same location as the dam 
hereinbefore proposed to regulate the levels of lake St. Louis for the benefit of 
navigation, and the normal regulated level’of the lake would be at elevation 71 
in both cases. The auxiliary control structures would be identical. The main 
control dam would, however, require a different design. The dam proposed in 
connection with navigation improvement is designed with wide openings to be 
left clear in winter, in order to prevent the danger of the formation of an ice 
jam. With the power canal in operation, the currents in the main river would 
be so reduced as to eliminate the danger of an ice jam, but the openings must 
be reduced to, such dimensions as will afford safe and convenient winter 
operation of the gates. A dam constructed initially for navigation purposes 
would therefore require alterations when the first part of the power development 
is undertaken. The cost of these alterations is estimated at $281,000. 


190. The estimated cost of this first part of the development is $88,131,000 
if no control dam has been built for navigation purposes, and $81,247,000 if such 
a dam has been built, the latter figure including the necessary modifications in 
the dam, 


191. The second part of the improvement for power is the development of 
422,000 horse-power from the remaining flow of the river, at a power house to 
be constructed in the main river at the foot of the Lachine rapids, adjacent to 
the power house constructed in the first part of the development. The headrace 
to this power house would be formed by a longitudinal wall extending downstream 
from the control dam previously constructed, to the new power house, and by 
opening the portion of the control dam between this wall and the south shore. 
The estimated cost of the second part of the development is $41,966,000. 


192. Joint IMPROVEMENT For NAVIGATION AND Power. If the first part of 
the power development be undertaken simultaneously with the navigation 
improvement, the estimated combined cost would be $133,358,000. 


193. If the first part of the power development be undertaken subsequently 
to the navigation improvement, requiring the alteration of the control dam 
initially constructed for the latter purpose, the combined cost would be 
$134,247,000. 


194. The economic saving from combining power development with the 
improvement of the Lachine Section for navigation is therefore but $889,000, 
and this saving would be soon counterbalanced by the interest charges on the 
large investment necessary to secure it, unless the power could be marketed 
promptly at remunerative rates. For. this reason, and on account of the high 
cost of developing power in this section as compared with its cost in the Sou- 
langes Section, the Board does not include power development in its plans for the 
intial improvement of this section. The development of power can be undertaken 
ae found economically justifiable from the standpoint of power production 
alone. 
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195. In summary, the estimates for this section are as follows: — 


Recommended» project. tor Navigation! alone. .o-.. se <2 ++ cas $ 53,000,000 
Power alone—lst part, 435,000 installed horse-power. 88,131,000 
2nd part, 488,000 installed horse-power. 41,406,000 


Total, 923,000 installed horse-power.........+.. $129,537,000 


Power subsequént to navigation— 


Ist part, 435,000 installed horse-power. 81,247,000 
2nd part, 488,000 installed horse-power. 41,966,000 


Total, 923,000 installed horse-power........s-0. $123,213,000 


GENERAL SUMMARY 


LAKE OnTARIO TO MonTREAL HARBOUR 


196. ImprRovEMENT PRoposeD. In summary, the plans recommended by the 
Board for the improvement of the river will provide to the best advantage for a 
navigation route through the 183 miles of river and lake from lake Ontario to 
Montreal harbour, with a total not exceeding 25 miles of restricted canal 
navigation, and with not more than nine locks, It will be crossed by but eight 
bridges. The plans include power houses with an ultimate installed capacity of 
from 2,619,000 to 2,730,000 horse-power, and permit the eventual development 
with installed capacity of approximately 5,000,000 horse-power which is the full 
power potentiality of the river. 


197. IniT1AL ExpENDITURE REquirED. The estimated expenditures required 
to open navigation with channels 25 feet in depth, with an initial power develop- 
ment having one-half the ultimate installed capacity of the power houses first 
constructed (the installation of the remainder being deferred to await the growth 
of the market), is as follows:— 

(la) Total cost of improvement if with a single-stage development 


in the International Rapids Section (1,365,000 horse-power 
Initially: imstalledi) pass aeolian ee ein nine Caen $350,100,000 


or 
(1b) Above improvement before channels are enlarged to ensure 
: WAINLET KOPCLAvlON im wececteis e cleen sits ites cle siereiens stre o se NA Gasio SESE OO 
or 


(2) Total cost of improvement if with a two-stage development 
in the International Rapids Section (1,365,000 horse-power 
inibialhymuTstalled)) Mester reser cteeee eieiec tis te sete SESASHINSIO SS ox $385,500,000 


or 


(2b) Above improvement if the initial power installation in the 
International Rapids Section is all made at the lower 
(Barnhart island)? plant. . .eyeaeits eee cere Me et ne sie eur ictatons $361,600,000 


198, Cosr or Works Compiete. After all of the machinery in plants 
recommended by the Board has been installed, these costs will become 
respectively :— 


(1) If with a single-stage development of the International Rapids 
Section (2,730,000 installed horse-power)...,..-+ees+eeeereres $394,000,000 


or 
(2) If with a two-stage development of the International Rapids 
Section (2,619,000 installed horse-power) .......+.e0+ pk tet the $423,600,000 


199. AvTERNATIVE PLANs.’ The Board has considered it advisable to present 
alternative plans and estimates in several instances for the reason that a choice 
between them rests on broad questions of policy rather than upon strictly 
engineering considerations. 
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200. Errecr or CHANNEL DeprH oN Cost. The estimated cost of 
additional channel. excavation required to provide channels initially 27 feet deep 
from lake Ontario to Montreal instead of 25 feet deep is $5,800,000. 


201. The estimated saving in the cost of channel excavation through 
providing channels initially 23 feet deep instead of 25 feet deep is $5,350,000. 


202. The estimated cost of subsequently enlarging to 30 feet depth channels 
initially excavated 25 feet in depth is $24,400,000. 


203. Cost or ADDITIONAL WorKS FoR FULL DEVELOPMENT oF Power. The 
estimated cost of additional works required to complete the full practicable 
development of power in the river, with works having an installed capacity of 
2,500,000 horse-power is approximately $225,000,000. The total eventual power 
installation visualized is therefore approximately 5,000,000 horse-power; and the 
total eventual cost of developing this power, and of providing navigation with 
channels 25 feet in depth, is in round numbers from $620,000,000 to $650,000,000, 
depending upon the form of improvement adopted in the International Rapids 
Section. 


204. ANatysis or Costs. A general analysis of these costs is shown in the 
following tables: — 


TABLE [ 


RECOMMENDED Plans with Single-Stage Development in International Power 


Section 
(a) (b) (c) (da) (e) (f) (g) 
Complete 
Coat of Cost of Cost of Total cost | Initial cost installed 
Works woe: works works joint-| with com-| if one half capacity of 
Section ive primarily ly for plete initial] initial power | initial works, 
¥ eh tition for power and power installation provided 
8 ; power. navigation. jinstallation.| is deferred. | in estimate 
column (e) 
$ $ $ $ $ h.p. 
Thousand Islands...... TE NUCHDAUIUU lncatereme aver chutes l-Porscone cia. cipieiore 1,100, 000 De TOOI00G | aeetsracces te 
International Rapids...|. 22,000,000) 106,500,000] 106,500,000} 235,000,000} 203,000,000 2,326, 000 
Lake St. Francis....... O80 000 rr ctl Saas eae se 986, 000 9805 000|Pidaaeeres are ve 
Soulangeseninsm ce sa none 31,594,000) 37,665,000} 34,686,006) 103,945,000 92,000,000 404, 300 
LACHiN Gs ipa}: tetgue vores ob SS OOO HO0 ON aa de sees: Autores teebets low aroers 53,000,000 53,000,000]........ ie aoe 
Total eee: sertee-as 108, 674,000] 144, 165,000] 141,186,000} 394,025,000} 350,080,000! non 2,730, 300 


1 Including $13,000,000 for channel enlargement to assure winter operation. 
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Tasue II 


RECOMMENDED plans with Two-Stage Development in International Power Section 


(a) (b) (c) (d) (e) (f) (g) 
C f Total I 1 aie 
‘ost o otal cost nitial cost {installed capa- 
aya re works with if one half city of 
Section ehlaly tar fiat jointly for | complete | initial power | initial works 
ee rp ae é oh power and |initial power| installation provided 
Vis OPP aN navigation | installation] is deferred in estimate 
column (e) 
$ $ $ $ $ h.p 
Thousand Islands....... 1 OOS O00 | oa be: spring aati deers 6 kes 1, 100, 000 PoVOOS O00 cee arecrse ctteio,o 
International Rapids...} 33,481,000} 140,209,000} 90,656,000} 264,546,000] 288,400,000: 2,215,000 
Lake St. Francis....... O80000|4 tas 2k Aa Ce, eae oe 980, 000 980) OOON RT eee 
Soulanges... (5.1 ot ees 31,594,000} 87,665,000} 34,686,000} 103,945,000) 92,000,000 404, 300 
achine armen aos eee '53;000; 000s anemic erica meter 535000;000)" “53; 00050003) "2. 1)-.eerceee 
Total pan mae 120, 155,000} 177,874,000} 125,542,000) 423,571,000} 385, 480,0002 2,619, 300 


1This becomes $214,500,000 if installation is at Barnhart island powerhouses. 
2This becomes $361,580,000 if initial installation in International Rapids Section is at Barnhart island 


powerhouses. 
TasLeE III 


EstiMaATepD cost of additional works to complete the full practicable develop- 
ment of power in the river 


Section : Installed Cost 
Horsepower 
$ $ 

Soulanges Section— 

Hirst part includedian ables Land oh ly.ec.cctecudeie cere crete oft se 50 esse eae ae acre TATE ie eae 

SCCOnd Parees acm seri omen a mothe aside terete ecuciass 545,000 37,391,000 

Ur dvipart Ausra ces seven dtesriciosien one taicieis corstaate meetin ne 1,030,000 63,816,000 
Lachine Section— 

AAG g-} ro 6120 Rae Tee, eR SI, eR een Ok 3 aan ore 435,000 81, 247,000 

SOCONC IPAEb ec cere eeey aitee ces Ale a pause eceae aea le lee latches 488,000 41, 966,000 

Potal cece eee bereits Ae ence 2,498,000 224, 420,000 
TABLE IV 


ESTIMATED cost of improving the river for power alone, with power development 
as provided in the recommended joint navigation and power improve- 
ment (14 foot navigation maintained). 


With the two-stage| With the single- 
Section development of stage development 
the International | of the International 

Rapids Section Rapids Section 


$ $ 
Internationa! Rapids Section.............. Roatan Paes Lette 231,800,000 213,000, 000 
Soulanges iSection tim: eke Mae eee cae ee nero eerie 77,172,000 77,172,000 


ET otalt creda aaeiccme cee setreers. ets biccrars 308, 972, 000 290, 172,000 
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TABLE V 


ESTIMATED cost of improving the river for navigation alone, under the least 
expensive alternative plan 


Thotsand® Islards Section. . cet oe tose atts oe ess sete s ote ee i 1,100,000 
International wWapldseSeCCtlOM as cyte ese ole cits che o ole ole cleiete ste aid ere 79,000,000 
* Lake St. Francis Section........ shag SMe: eakaht PAPE aos ee To a eg 980,000 
Soulanges Section ........... Gia s leaner etek voted Ro Be ad iy rk ae a 33,640,000 
achine Section 6. cer aes BORIS re eA Mare ana orelciite averse ete ene 53,000,000 
Dotaly sy). enters aiohe o stare og eiote chet s brah thaw in Bie Catered le ys $167,720,000 

TaBLe VI 


TABULATED Estimates of cost of providing channels of various depths from 
the 'head of the Great Lakes to Montreal, including, the installation of 
1,365,000 horse-power on the St. Lawrence and the entire cost of the 
new Welland ship canal. . 


23 feet 25 feet 27 feet 30 feet 
— depth depth depth depth 
$ $ $ $ 
Great Lakes— 

Wonnecungichannelsis cing cee eeiech, «caer valkaelo cae era deel tackes 41,100,000) 54,900,000) 75,900,000 
SUPMaArySereiVierelvOCKSe om meets Meh iret e cane sc olanaeiNerssateaueie elit ace eee See 6,500,000} 6,500,000 
Compensating WOLKS. u.tenrahicsdess ceineatres aatee 3,400,000} 3,600,000} 3,700,000} 3,800,000 
; Welland: Canalieemwre..ce ac seamen emits suns utics 114, 500, 000} 114, 500,000} 115,600,000) 128,600,000 
St. Lawrence River to Montreal..................55: 844,700,000) 350,100,000} 355, 900, 000} *374, 500, 000 


462, 600, 000} 509,300,000} 536,600,000) 589, 300,000 


*Based on subsequent deepening from 25 feet. 
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PART IV 


ST. LAWRENCE RIVER AT AND BELOW MONTREAL 


205. This part of the report deals with. the effect of the diversion of*water 
from the Great Lakes system on the water levels at and below Montreal and 
with measures for restoring these levels (Question 6). It also considers the 
effect of the proposed improvement of the St.. Lawrence on these levels (Ques- 
tion 5). 

DESCRIPTION 

206. Montreal harbour is a highly developed port, with 9 miles of improved 
wharf frontage, grain elevators with a total storage capacity of twelve million 
bushels, and an extensive warehousing system. The commerce through the port 
in 1925 amounted to 9,137,281 tons, including 166 million bushels of grain. 

The water levels in Montreal harbour during the navigation season range 
generally between 18 and 28 feet above mean sea-level, depending, upon the 
flow of the St. Lawrence and the Ottawa rivers, the higher stages being due 
to the spring floods in the Ottawa. In winter, the increased slope of the river 
due to ice retardation raises the water surface by from 10 to 20 feet, and ice 
jams occurring during the break-up season in April have raised the water to 
the stage of 52 feet above mean sea level.. 


207. The wharves in Montreal harbour are of exceptionally massive con- 
struction, to resist damage by ice at the high winter and spring levels. They 
are built typically with high masonry walls founded on wooden cribbing. The 
vessel berths at the wharves in the upper portion of the harbour are generally 
excavated in rock. Extreme low-water levels, which would expose the wooden 
foundations of the wharves, with consequent danger of decay, are regarded as of 
serious consequence; and the berths at wharves cannot be deepened readily to 
meet a reduction in the water levels. 


208. Montreal lies 53 statute miles upstream from lake St. Peter, a wide 
expanse of shallow water, which is the head of the tide in the St. Lawrence. 
Below the city of Quebec, 160 miles downstream from Montreal, the river is a 
tidal estuary, with its mean level substantially at mean sea-level. The. river 
below Montreal has been improved by dredging to afford a channel with 450 
feet minimum width, 30 feet deep at water levels corresponding to a stage at 
the head of Montreal harbour, 18.4 feet above mean sea-level (low water of 
1897 as modified). The water level rarely falls below this datum. This channel 
is now under enlargement to 35 feet depth. The expenditures by Canada on 
the improvement of the channel below Montreal, to March 31, 1925, have 
been as follows: 


Dredging, field . Cost ie. G.c. 3.4 syaccierscohes ere tisrsate = scroll gets senate ores 17,434,683 66 
Plant; “shops; Surveys ete ven ae cura. ere cinteeiteu tic) eos eicrae ere eae 10,268,461 52 
i Io) rs) I ee er Pee a RAPE COREE eR TRCM SENG ORI Chol ob cho 6 oc $27,703,145 18 


EFFECT OF DIVERSION OF WATER 


209. An accurate determination of the relation between the river discharge 
past Montreal and the river stage is complicated by the fact that these stages 
are modified by the varying discharge of the tributaries entering the river 
below Montreal, including the main part of the discharge of the Ottawa, and 
are affected by the long period tidal fluctuations. 
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210. A detailed analysis of the relation between gauge heights and discharge, 
given in Appendix D, shows, however, that a diminution of the flow past Mont- 
real reduces the water levels in the harbour, at the rate of one foot for each 23,000 
cubic feet per second of flow. The authorized diversion of 8,500 cubic feet per 
second through the Chicago Drainage canal reduces the levels in Montreal har- 
bour, therefore, by 0.37 foot. A similar analysis shows the following effects at 
points below Montreal :— 


Amount by which 


Statute miles levels are lowered 


Locality coe by diversion of 
Montreal 8,500 cfs. 
Montrea linn... kent mt PEM tay CEPR aPA AT GARE ce eee Stee uh ee 0 0-37 foot 
IV ATEN GMM RIEM Boys 8 or ne Berek A coy ss: A teas rarars Prats a ar davai wate ance ATO 13 0-35. & 

LOE PHOT es te: corey ak <5) <4 55s pick i Shane co RITE Bie Ue hale ERE I Aso RLS Shas 45 0:28 * 
Batis eRe tiie Seca ts Gaee e Fao Eated eo dt watadini os CRUE ER ete 100 0-24 « 
(Otbin ier tre Beaker. Ads ce Es had ete eatin we este Daas mente ise 117 0:24). 
RLS CON AI OSA Bs ep Meg ede yee soe aida ahaa tha Gs as avease ea ate 125 Oi: 
Que DOC meine et ee ie SCPE AR Eats age aantie duduw a cnaiondyaie.e wes 160 0:03 =“ 


RESTORATION OF NAVIGABLE DEPTHS 


211. CHANNEL BELOW MontreaL Harsour.—The navigable depths of the 
channels below Montreal harbour can be restored by dredging. An analysis of 
the gauge records shows that the dredging heretofore done has lowered the levels 
in Montreal harbour at the rate of 0.15 foot for each foot of navigable depth 
gained, and has lowered the levels of the river between Varennes and Quebec 
by an average of 0.06 foot for each foot of navigable depth gained. The esti- 
mated cost of increasing the effective depths of the channel below Montreal by 
the amounts found in the foregoing tabulation, if done as a part of the present 
project for a general increase in depth, and at the current costs of such dredging, 
is as follows:— 


3,168,000 cubic yards dredging at 42.5 cents per cubic yard...... 1,346,400 

Plant, shops, surveys, ete—Average proportional cost since 
besinnmine ot: nvorkiG0n perry centaerty jas. hiss staleuie seta eiett ia cues 807,600 
POUCA stent cere cock ail e cers tists oid 6 s.odin cree siale wetn cale $2,154,000 


212. MonrtreaL Harsour—The navigable depths in Montreal harbour can 
be restored by similar dredging. The estimated cost of this dredging necessary 
to compensate for a diversion of 8,500 cubic feet per second is as follows:— 


Shaler rocks 67,000) CUbIC. Yards Abt eoo.00 Gh. a ane tile bh Gee douse 4 > 305,725 
Marti, '280.000% cubicteyanrds#ateol we seta cele cies ace cs oetncs eee ee sole > 289,000 
Engineering and administration, approximately 10 per cent........ 59,275 

EL OGALeatie seer eee sa ATG Oe eae er tae Rees ewes $654,000 


213. The unit costs are based on the execution of the work as a part of a 
general project for deepening the harbour. The removal, as a separate under- 
taking, of the 5-inch layer required to compensate for the diversion would be 
much more expensive. 


214. A comprehensive project for deepening the harbour would, however, 
require the reconstruction of a large amount of dock wall. An estimate of the 
part of the cost of reconstruction chargeable to diversion of water obviously 
presents difficulties. This diversion is but a contributing cause to the need for 
enlargement, for there has been a loss of 1.15 feet in depth in the harbour since 
1895 due to other causes. The older dock walls will require reconstruction in 
the not distant future on account of deterioration. The Canadian Section of 
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the Board has prepared an estimate of $1,800,000 as the part of the cost of 
rebuilding dock walls due to the lowering of the levels by a diversion of 8,500 
cubic feet per second, the details of which are set forth in Appendix D. The 
American Section accepts this estimate with the understanding that it is subject 
to further investigation and revision. 


215. A study was made of the possibility of constructing contraction works 
in the river below Montreal harbour to compensate for the effect of such a 
diversion. No substantial saving was indicated by this course. 


216. Summary. In summary, the cost of restoring the navigable depths at 
and below Montreal to the extent that they have been affected by the authorized 
diversion of 8,500 cubic feet per second is as follows:— 


Dredeings Mortreals Harbours ti taqnaes crag ct nein hears clan aoe 654,000 
Reconstruction of dock walls, Montreal Harbour................ 1,800,000 
Dredging; below Montreal. Harbourt.2 UL...295.c eerste ste creme ens 2,154,000 

TOA y cian iene 8 cyahonel We weet te REO ei 4G SII iste ol Eee $4,608,000 


217. Conrrot Works witH Locks BeLow Montreat. The suggestion has 
been advanced that, instead of securing the desired channel depth at and below 
Montreal by further dredging, control works with twin locks could be con- 
structed in the river below Montreal to raise the water levels to the extent 
required for that purpose. Such a structure must be so designed that it would 
not aggravate ice conditions in winter, and therefore would be costly. It would 
afford incidentally a complete remedy for the lowering of the water in Montreal 
Harbour due both to channel enlargement and to the diversion of water, and 
also would afford an opportunity for the fuller development of power, especially 
in the Lachine Section, since the restrictions as to maintaining uniformity of 
flow could be made less stringent. The consideration of such a scheme is beyond 
the scope of the instructions to the Board. 


EFFECT OF PROPOSED IMPROVEMENT OF THE ST. LAWRENCE 
RIVER 


218. The improvement of the St. Lawrence river could affect the water 
levels at and below Montreal to the extent only that the works might be so 
operated as to modify the rate of discharge of water down the river. The pro- 
gram for the regulation of lake Ontario recommended by the Board (Appendix 
B) is so drawn as to afford mean discharges during the critical months of Sep- 
tember, October and November at least equal to the discharges that occur in 
nature; and discharges in the first half of April, when the river has its maximum 
flood levels. no greater than those that would occur with equal frequency with- 
out regulation. There remains the possibility of the introduction of fluctuations 

‘in the discharge of the river through the fluctuations in the discharges through 
the power plants to meet their changing loads. 


219. Any necessary uniformity of discharge past the various power struc- 
tures can be secured by opening sluice gates as the power load and power house 
discharge diminishes. Power can be profitably generated at the various plants 
recommended by the Board without causing any greater hourly and daily fluc- 
tuations in the water levels. at Montreal than now occur from natural causes, 
and suitable government supervision, both over the plants in the International 
Section and over those in the province of Quebec, can assure this result. 


220}. In short, all the works of the improvement of the St. Lawrence river 
must be so operated as to have no injurious effect on the water levels at and 
below Montreal. 
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PART V 


FINDINGS ON QUESTIONS CONTAINED IN THE INSTRUCTIONS TO 
THE JOINT BOARD OF ENGINEERS 


221. Answering specifically the questions contained in its instructions, the 
Board finds:— 


QUESTION 1 


“Is the scheme for the improvement of the St. Lawrence waterway, pre- 
sented by the board in its report of June 24, 1921 (herein referred to as the 
Report of 1921), practicable and does it provide to the best advantage, at 
this time and ultimately, for the development of the capacities and possibili- 
ties of the waterway?” 


222. Answer. The scheme as presented in the Report of 1921 is, in its broad 
lines, practicable; but should in the opinion of this Board be modified to provide 
to the best present advantage, at this time and ultimately, for the development 
of the capacities and possibilities of the waterway. 


QUESTION 2 


“ What alternative scheme, if any, would be better adapted to secure the 
ends desired, due consideration being given,— 


“ (a) To any special international or local interests having an 
importance justifying exceptional consideration; and 

“(b) To the extent and character of the damage through flooding and 
the probable effect of the works upon the formation of ice and the conse- 
quent effect on the flow of the river?” 


223. ANswerR. The plans recommended by the present Board are set forth 
in Part III of this report, and are described in detail in Appendix C. 


224. The plans presented in the Report of 1921 are altered in their broader 
features as follows:— 


225. In the International Rapids Section (Fourth Division of the Report of 
1921) the plans now presented provide for the development of the entire power 
possibilities of the section, without subsequent alterations in the works. Two 
alternative schemes for accomplishing this result are presented, one for a two- 
stage development, the other for a single-stage development. 


226. In the Soulanges Section (Second Division) the Board, recommends a 
scheme for navigation correlated with a progressive development of power instead 
of a side canal for navigation only. 


227. In the Lachine Section (First Division) the alignment of the navigation 
canal is changed to secure a minimum interference between land and water 
traffic, and a control dam to regulate the levels of lake St. Louis has been 
included in the initial development. 


228. The plans proposed have been drawn with full regard to all interests 
concerned. Flowage damage is inseparable from a practicable development of 
power on the St. Lawrence, since freedom from floods has led to the occupation 
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of its banks almost to the waters edge. The plans have been drawn to reduce 
to a minimum the flowage consequent to the plans proposed. They have been 
prepared with special care to meet ice conditions affecting the flow of the river. 


QUESTION 3 


“ Should the estimates of cost be revised, and, if so, what are the revised 
estimates of cost having regard to alternative schemes?” 


229. Answer. The estimates should be revised. The estimates of the works 
proposed by this Board, with hydro-electric machinery completely installed, 
exclusive of interest during construction, are as follows:— 


(1) If a single-stage development be adopted in International Rapids Section— 
Works: solelysrormmavicab lon om tcc: marl ehaen ee evel eteicnscisrel eas 108,700,000 


Works common to power and navigation.................. 141,200,000 
Works! primarily Mor (power ae eee bine lee «eld eokneees 144,100,000 
TOP Beto e rerete wear ee Ge ae solic te aD Meattee $394,000,000 


Installed capacity 2,730,300 horse-power. 


(2) If a two-stage development be adopted in International Rapids Section— 


Works solely tor Navieavlon rac im midecaere rie vermis ein 120,200,000 
orks common to power ‘and navigation). -J2ii.0.0.602.6- 125,500,000 
WorkssprimarilygtOr pOweLs cs see sem see iste healt 2 tile kere eae 177,900,000 
Total oe PLL eA ee PMSA CPL 0. OARS $423,600,000 


Installed capacity 2,619,000 horse-power. 


230. The Board considers that sound business management will dictate the 
initial installation of but a part of the hydro-electric machinery with its housing 
and accessories. With a total initial installation of 1,368,000 horse-power, the 
initial costs, including all features required for navigation and with complete 
channel enlargement for winter power operation, becomes respectively $350,100,- 
000 and $385,500,000. 


231. The plans presented by the Board outline a subsequent complete 
development of the power resources of the river, by the construction of additional 
power works with an installed capacity of approximately 2,500,000 horse-power, 
at an additional cost of approximately $225,000,000. 


232. The total ultimate development visualized on the St. Lawrence river 
by the Board amounts therefore to approximately 5,000,000 horse-power at a 
total cost of from $620,000,000 to $650,000,000, including navigation works. 
Further details of estimates are given in Part III, paragraphs 200 to 204. 


QUESTION 4 


“Tn order to assist either Government to allocate the amounts charge- 
able to navigation and power, what would be the respective estimated costs 
for improving the river for navigation alone and for power alone?” 


233. Answer. The estimated costs for the initial improvement of each 
river section, (a) on plans recommended by the Board for both power and 
navigation, (b) on similar plans for the development of the same amount of power 
without any navigation works other than to maintain the existing 14-foot navi- 
gation, and (c) on alternative plans for practicable, though inferior, navigation 
through the power sections, are shown in parallel columns as follows:— 
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(1) If a single-stage development is adopted in the International Power 
section— 


: (a) Plans (c) Navigation 
Section recom micnded (b) Power alone alone 
Upper International’ .105..05 4 ashes. c od toe as Sate as 11002000 iie Aaa a. See 1,100,000 
Intemational powerless «ok oie ve eee eee aa 235,000, 000 213,000, 000 79,000, 000 
KCIS CoLAN CIS Slats stchie Semeieee. eae reyes to peat 980: OOO nM lisse st eoke te wa beet: 980, 000 
SOulane ess aa Aen Eee Lc cc on deen Meats 103, 945, 000 77,172,000 33, 640,000 
Lachine epee cepise Metin ett eee BS U00; OO0Ms neraeae tetra 53, 000, 000 
AOU by eecrhnes ciclee ESSER RIDIO PRICE ESS Stn carrie Sek a reean $394, 025, 000 $290, 172, 000 $167, 720,000 


(2) If a two-stage development is adopted in the International Power 
Section— 


: (a) Plans (c) Navigation 
Section | Borannended (b) Power alone ainne 
pperintemiatconal. sol vibes sebQUcnais (ONL Devt eseaY m Lp 600008 [ee rh ROSES. 1, 100, 000 
Intermationalipower. oe bad aco eee cone ee See 264, 546, 000 231,800,000 79,000, 000 
Make Sts Miran Csi: Men ects eee ats ioe oe, Ae ae OSOL000 Mien teee hora se 980, 000 
DOWLANLESY. Wek Pee che Sense TART oa cette See Tea ete de PPR 103,945, 000 77,172,000 33, 640, 000 
Haehiner ees. s hess Sash titer Et Ds eee 53,000, ,O00pF | eee ee eee <2 53,000, 000 
LOCAL ee eee ee vii tiers oan tartar Beh casa $423,571, 000 $308,972, 000 $167, 720,000 
QUESTION 5 


“To what extent may water levels in the St. Lawrence River at and 
below Montreal, as well as the river and lake levels generally, be affected 
by the execution of the project? ” 


234. Answer. The irresponsible operation of the power works proposed 
by the Board, or indeed of any power works, however designed, that develop 
fully the power resources of any section of the river, would affect injuriously the 
water levels in the St. Lawrence river at and below Montreal; but it is feasible 
to operate these works under Government supervision in such manner that they 
will neither lower the summer levels in the lower river nor raise the winter 
and spring levels. With such control the improvements proposed will have no 
injurious effect whatever on the water levels of the St. Lawrence at and below 
Montreal. 


235. The high levels on lake Ontario, of the upper reaches of the St. Lawrence 
river, extending 67 miles from that lake, and of lake St. Francis and lake St. 
Louis, will not be raised by the improvement. The low levels of lake Ontario 
and of these upper reaches of the St. Lawrence will not be made lower. The 
low levels of lake St. Francis will be raised about a foot and of lake St. Louis 
about 5 feet. The dams proposed in the power reaches of the St. Lawrence will 
create material local changes in the levels of these reaches only. 


236. The levels of the Great Lakes above lake Ontario cannot be affected 
by any works in the St. Lawrence proper. Works to restore the effects of 
channel enlargement and of diversions from lakes above lake Ontario, are dealt 
with under the replies to Question 6 (b) and 10. 


QUESTION 6 (a) 


“To what extent and in what manner are the natural water levels in 
the St. Lawrence river and on the lakes affected by diversions authorized 
by license by either Canada or the United States, from or in the St. Law- 


rence river watershed?” 
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237. Answer. The diversion by the Chicago Sanitary District of 8,500 
cubic feet per second from the lake basin through the Chicago Drainage canal, 
authorized by license by the United States, lowers the water levels on the Great 
Lakes and the St. Lawrence river as follows:— 


Makes Michicanmand, Ehuronehtem ct tentstelels pfs. .fosterele oteots Crete stents 0.5 foot 
ake URTIG Ly feswcuateretes carck CENT ORS Oe Ee BIND Cee he oe 0.4 foot 
Dakke. (Ontario vc oe. co 2h SREY Ree or: or Giie eee tila: Cee ee 0.4 foot 
St Lawrence river between lake Ontario and Montreal— 
VACPPLERCOLG Me cre eee Rees eee neers hie eee ere ners 0.4 foot 
Ate Lok 25" (Ir OGuais)) varm epaeecs elo etexeraeneisue evel edocaeecet erento 0.6 foot 
Athos 23) (Morrisburg yet aeeceibs ack cota mene in nee eee 0.5 foot 
At Lockeol si ’UDiekensonsuil and tne) leer ares ale siietpecuccoe otecteren 0.4 foot 
At: Lock: 15: >( Cornwall) vse senten teed eres Bee eee 0.3 foot , 
WaletStaPrancrg ies | Meaee Pipa cette ae inn 2 ken Chee een co tacce 0.2 foot 
Wake (Sty Lousy, AS. tose ae ey oo ee ee aera ee. Pane hota 0.3 foot 
St. Lawrence river at and below Montreal— 
AE Montreal Mar voursec sees te oleae cic a eee ieee 0.37 foot 
TA GR Varennes sp Bie a ee Sn ee arent carte. c abe ean Glare cae terne 0.35 foot 
SAG) Sowell ss) awe gue fi ts RGN ee SEBO Fouad) CRM date tak eon cf ccc, eh ey ak 0.28 foot 
A UCB tiSCam. ie cise os Aree I Ue LiceiGie ce ars ieychd vate totenesb rear terete 0.24 foot 
AGE LiGtbinier @s.12 ie 3 eek Uo oer tet ae eeu heen ae gees Aiea 0.24 foot 
‘Ath Pla TOTAG a SR ES aie eye ee Re Re Baran ie, St itcae. Orie che ee RC 0.17 foot 
AtE Oiebeeasaetes SES aAey tee. Sere ha oc i ra keels ots et tse rl cee ea ae 0.03 foot 


238. The diversion of 2,080 cubic feet per second from lake Erie via the 
Welland canal for power use by corporations and municipalities authorized by 
license by Canada lowers the levels of the Great Lakes as follows:— 

Takes “Michiganrand, ElUronm. ci. octet emia cat atoa cin & neuen 0.025 foot 
Diakie? WP yo. Swselei aie acy ctesah Gre sendin Sue hogee tram ERMROre sy © hd Greener ree OnLy etoot 

239. The foregoing are the only authorized diversions found by the Board 
to affect appreciably the levels of the lakes and the St. Lawrence. The effect 
of all diversions, including those for navigation purposes, and of other factors, 
is described in Part II of this report. 


QUESTION 6(b) 


“By what measures could the water levels of navigable depths affected 


by the diversions referred to in section 6(a) be restored, and what would 
be the cost thereof?” 


240. ANSwer. The water levels of lakes Michigan, Huron and Erie can be 
restored most advantageously by compensating works in the St. Clair and Niagara 
rivers, which should, however, be so designed as to offset all existing diversions 
and outlet enlargements, as well as the diversions authorized by license. The 
total cost of these works is estimated at $3,400,000. The cost of similar but 
less extensive works designed to restore the effect of authorized diversions only, 
is estimated as follows:— 


Diversion compensated for— Cost of Works 
GOhicavo. GTVERSTOM iste ie weolee ete ote RTO TRLS eee aye ects oie ra: erste el ares $1,750,000 
Powerrdiversionsy Welland! canals sees -i2c-lt ald oki. haneiercls $ 100,000 


241. The effect of the diversions on the levels of lake Ontario and of the 
St. Lawrence river above Montreal will be removed by the works provided for 
the improvement of this part of the St. Lawrence. 


242. The effect of the authorized diversions on the levels of the St. Lawrence 
river at and below Montreal can be restored by dredging and accessory works 
at estimated costs as follows:— 


Dredging Montrealtharbours sei nie hide teehee ae eeeicieie ene 654,000 
Reconstruction of dock walls, Montreal harbour.............. 1,800,000 
Dredging below) )Morntreallek eee ne ee. Shin es tee eee. Coe eee 2,154,000 


TPOtal yas Heer tees Rte als See GEERT ta aE eter cose $4,608,000 
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QUESTION 6(c) 
“How much power could be developed on the St. Lawrence river with 
the water diverted from the watershed referred to in section 6(a) under— 
(1) The plans recommended? 
(2) Alternative plans providing for a full practicable development of 
the river? ” 


243. ANSweR. The following amounts of 24-hour power could be developed 
on the St. Lawrence river with the authorized diversion of 8,500 cubic feet per 
second from the water shed through the Chicago Drainage canal:— 


(1) At the average heads available at the power plants initially 


recommended— 
Horse-power 
In the International Power Section (82.5 feet average head) .. 70,125 
In the Soulanges Section (22 feet average head)............ 18,700 
ARORA K ENE a Lik tS Oe on a we ee eS A eae (een 88,875 


(2) At the average heads available at the power plant recommended 
for the eventual full practicable development of the river— 
Horse-power 


In the International Power Section (82.5 feet average head).. 70,125 
In the Soulanges Section (75 feet average head).............. 63,750 
In the Lachine Section (32 feet average head)................ 27,200 

APLOSTESH La DAG RAC EMA EAL HES ROMS a A OM aie ey ee Ee A ee 161,075 


QUESTION 6(d) 


“Without considering compensation by the present relative diversions 
of water from the Niagara river and from lake Erie, and without prejudice 
to a future consideration thereof, what works, if any, could be constructed 
to recover on the St. Lawrence river the amounts of power determined under 
section 6(c), and what would be the cost of such works?” 


244. Answer. The Board finds that after the St. Lawrence river has been 
fully developed for power production, no works can be constructed which 
would recover on the St. Lawrence the power lost by the diversion of water from 
the watershed. 


QUESTION 7 


“ Having regard to economy of construction and maintenance, expedi- 
tion of construction, and efficiency of operation 

“ (a) Which of the works should be constructed under the technical 
supervision of an international board and what other works, if any, might 
advantageously be constructed under such supervision? 

“(b) Which of the works should be maintained and operated by an 
international board and what other works, if any, might advantageously be 
so maintained and operated? ” 


245. Answer (a) Construction or Works. All dams, embankments, 
power house substructures, water-passages, gates and channel enlargements 
within the International Sections should be designed and constructed under the 
technical supervision of a single international authority. 


246. The purpose of this is to make sure that the different parts of the works 
will not be so prosecuted as to interfere with each other, and that safe and 
equitable regulation of both winter and summer flows of the river will be possible 
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both during and after construction; as well as to secure uniformity, economy 
and expedition by co-ordinating, design and construction programs. 


247. The same authority should co-ordinate for the entire river, from lake 
Ontario to Montreal, the programs of construction and the channel dimensions 
and clearances for works necessary to secure through navigation. 


248. (b) MAINTENANCE AND OPERATION OF Works. The Board regards it as 
essential that an international control board be created with full power to 
regulate the use of water at the power plants in the International Section in 
order that such use may be prevented from creating conditions harmful to navi- 
gation in any part of the St. Lawrence, and in order that the operation of thie 
various power plants be conducted with full regard to the use of water at other 
power plants on the river. 

All locks and other navigation structures will necessarily lie in the territory 
of one country or the other, and can be most advantageously maintained and 
operated by the usual government agencies of the two countries. 


QUESTION 8 


“What, if any, readjustments in the location of the international 
boundary are necessary or desirable to place power structures belonging to 
either country within its borders, as recommended by the International 
Joint Commission?” 


249. Answer. Readjustments in the international boundary are necessary 
only in the International Rapids Section and depend upon the plan adopted for 
the improvement of that section. 

A change in the boundary in the vicinity of Barnhart island is necessary 
irrespective of whether the single-stage or the two-stage scheme be adopted in 
this Section. If, with either of these general schemes, the dam is located at the 
foot of Long Sault island and both powerhouses at the foot of Barnhart island, as 
shown on the plans of the two-stage development, a change is necessary between 
Turning Points 10 and 14 to bring the power houses within, the borders of the 
two countries. If, on the other hand, the dam and power houses are at the foot 
of Barnhart island, with the United States power house on the mainland of the 
United States, as shown on the plans of the single stage development, it is 
desirable to so change the boundary between Turning Points 10 and 21 as to 
bring all of Barnhart island into Canadian territory. This island is separated 
from other American territory by the main channel of the St. Lawrence. The 
estimates include the acquisition of the entire island in connection with power 
development, and the land remaining unsubmerged can, with this plan, be put 
to beneficial use only in connection with the Canadian power house located 
thereon. 


250. With the two-stage scheme, a slight change is needed also in the 
boundary north of Ogden island, to bring the power houses at that locality 
within the borders of the respective countries. 


251. A detailed description of the necessary changes will be given in 
Appendix C. 
QUESTION 9 


“Tf the Board is of the opinion that it would be advantageous to pro- 
vide in the first instance for‘channel depths other than 25 feet, but less than 
30 feet, for what draft of vessel should provision be made?”— 


252. ANSwerR. As explained in paragraph 111, Part III, the Board is not 
agreed on the advantage of any depth other than 25 feet. 
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Question 10 


“ Having regard to the recommendation of the International Joint Com- 
mission that the new Welland ship canal should be embodied in the scheme 
and should be treated as a part thereof, and to the fact that if a greater 
depth than 21 feet be adopted for the initial project depth of the St. Lawrence, 
such greater depth would not be available to the upper lake ports without 
further work in the navigation channels in the Lakes, what would be the cost 
of improving the main navigation channels between and through the lakes, so 
as to provide, without impairing the present lake levels, for (a) a depth of 25 
feet and (b) for such other depth not exceeding 30 feet, as may be determined 
by the Board to be that for which it would be most advantageous to provide 
on the St. Lawrence river?” 


253. ANSweR. The cost of improving the main navigation channels between 
and through the lakes, so as to provide a depth of 25 feet, including all com- 
pensating works constructed in furtherance of the work, is estimated at 
$44,700,000, not including the cost of the new Welland ship canal. 


QuESTION 11 


“What is the time required to complete the proposed works, the order 
in which they should be proceeded with, and the progress which should be 
made yearly toward the completion of each in order to secure the greatest 
advantage from each of the works and from the development of the water- 
way as a whole?” 


254. ANSwer. It is estimated that the waterway can be opened to naviga- 
tion in from seven to eight years from the time that active work has been begun. 
All works should be so prosecuted as to insure the completion of navigation 
works at the same time. A complete program for the prosecution of the work 
will be presented in Appendix G. 


APPENDICES 


255. The investigations by the Board are set forth more fully in appendices 
as follows:-— 


Appendix A—Field investigations. 
A B—Lake levels and outflows. 

C—Detailed plans and estimates for the improvement of the 
‘St. Lawrence. 

D—River levels and discharges at and below Montreal. 

E—Ice formation on St. Lawrence. 

F—Experiments on strength of ice. 

G—Construction program. 


United States Section Canadian Section 
EDGAR JADWIN, DUNCAN W. McLACHLAN, 
Major General, Chief of Engineers. 
WILLIAM KELLY, OLIVIER O, LEFEBVRE, 
Colonel, Corps of Engineers. 
G. B. PILLSBURY, CHARLES HAMILTON MITCHELL. 


Iieut. Colonel, Corps of Engineers. 
WasuineTon, D.C., November 16, 1926. 
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Memorandum re Appendices 
to accompany 
Report of Joint Board of Engineers 


Since the completion of the Main Report dated November 16, 1926, the 
Board has completed Appendices as follows:— 


Appendix A—Field Investigations 
* B—Lake Levels and Out Flows 
C—Detail plans, and estimates of Projects 
D—River levels and discharges at and below Montreal 
E—Ice formation on the St. Lawrence 
F—Experiments on the Strength of ice 
G—Construction program 
In these Appendices alternatives are presented to those described in the 
main report. Attention is invited to the Crysler Island two-stage project 


presented by the Canadian Section for the International Rapids Section. This 
project is described in paragraphs 121 to 134 of Appendix C. 


United States Section: Canadian Section: 

EDGAR JADWIN, DUNCAN W. McLACHLAN. 
Major General, Chief of Engineers. 

WILLIAM KELLY, OLIVIER O. LEFEBVRE. 
Colonel, Corps of Engineers. 

G. B. PILLSBURY, CHARLES H. MITCHELL. 

Lieutenant Colonel, Corps of 
Engineers. 


Detroit, Micuiean, July 13, 1927. 
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APPENDIX A 
FIELD AND OFFICE INVESTIGATIONS 


INVESTIGATIONS BY CANADIAN SECTION 


1. The Canadian Section of the Board was appointed on May 7, 1924. On 
that date funds were available for the work. A central office was etsablished in 
Ottawa and an organization was already in the field. After May, 1924, the 
personnel in both field and office was increased and work was prosecuted with 
energy from that time until the end of 1926. 


2. Starr. Throughout the progress of investigations a field office was 
maintained at Cornwall. Mr. Russell Yuill, B.Sc., was in local charge of this 
office and also directed all boring and survey parties at work in the field. 

3. Mr. Guy A. Lindsay, B.Sc., supervised the preparation of detail plans 
and estimates in Ottawa as well as the greater part of the hydraulic computa- 
tions made. 

4. Mr. J. K. Wyman, B.Sc., developed stage relation diagrams for the St. 
Lawrence above and below Montreal and determined the effect of outlet changes 
at a number of critical points in the Great Lakes System. He developed a 
number of schemes for regulation of the Great Lakes, including that of Lake 
Ontario. 

5. Mr. A. L. Mudge, B.Sc., had charge of the assembly and preparation of 
tentative lay-out plans for power houses and the assembly of data obtained 
from manufacturers of hydraulic and electrical machinery. 

6. Mr. W. Chase Thomson, M.E.I.C., prepared outline plans and detail 
estimates for a large number of bridges at various points on the river. Other 
members of the staff of the Canadian Section did much useful work in connec- 
tion with the compilation of data, the working out of designs, and the prepara- 
tion of estimates. 

7, Mr. D. W. Mclachlan, B.Sc., Chairman of the Canadian Section, was 
in general charge of all investigations made by the Canadian Section. 

8. Borines. A very important part of the work done by the Canadian 
Section was the borings made to determine the character of foundations, 

9. Previous to the appointment of this Board, but subsequent to the filing 
of the report of 1921, the Canadian Government put down 63 borings, in the 
years 1922 and 1923. Almost all of these were in the International Section of 
the river. 

10. During the year 1924, the Canadian Section put down 15 borings in 
the International Section and 15 in the Lachine Section. 

11. For drilling in deep swift water, one strong spud scow was built at 
Cornwall and a lighter spud scow for drilling in quiet water was rented in the 
spring of 1925. The first scow was equipped with a churn drill and with 
a Calyx core drill and the second scow was equipped with a churn drill only. 
These two outfits were put to work in the Canadian Section of the river early 
in the summer of 1925, and worked continuously during the open season of: 
1925. They did much difficult work in that season in the Cedars and Lachine 


58 St. Lawrence Waterway Project 


rapids. The rented scow was not used during 1926, but the specially built 
scow was also used throughout that season, part of the time by the United 
States Section in the deep swift waters at the foot of Barnhart island. 

12. In the years 1925 and 1926, taken together, 22 borings to rock were 
put down in the International Section and 144 in the part of the river below lake 
St. Francis. In 1927, 8 borings were put down in the International Section. 

13. The number of borings made in the Soulanges Section was 88. Of this 
number, 17 were along the north shore of the river between Coteau and Cas- 
cades, 14 along the south shore of the river between Clark island and St. 
Timothee, 25 were along the route of a canal between Hungry Bay and Meloche- 
ville, 12 were in the river at Cedars, 17 in the Ottawa arm of lake St. Louis, 
and 3 in Hungry bay. ; 

14. The number of borings put down in the Lachine Section in 1925-26 
was 51. Of these, 13 were ‘at the foot of Lake St. Louis, 16 in the LaPrairie 
Basin, 18 along the north shore of the river between the town of Lachine and 
the shore of the river at Verdun, and 4 were on the south shore of the river 
above Lachine rapids. 

15. In 1926, 5 borings to rock were made by the Canadian Section in the 
St. Lawrence river below Montreal. 


16. In 1924 and 1925, the Hydro-Electric Power Commission of Ontario 
put down 128 borings in the International Section of the St. Lawrence. 


17. A large number of cores were obtained in connection with the borings 
made. The cores obtained by the Canadian Section are being preserved at 
Cornwall for future reference. In almost all cases in which borings were made, 
solid rock was penetrated a distance of from 10 to 15 feet in order to make sure 
that a boulder was not mistaken for solid rock. Wash boring equipment was used 
only in a very few cases by the Canadian Section. 


18. The following summary shows the linear feet of borings made by the 
Canadian Section in 1924, 1925, 1926, and 1927:— 


Length in rock 


Section Borings | Length |—-——————————-|_ Total 
made in earth | Uncored , Cored length 
ft {t Hive ft 
Below Montreal Aeraaaeen cama s crete coe noel ee nae 5 218 24 246 
Lachine %. 5.95 eres Tee eer a! Sey ee.) Bee 66 1,370 1 S168 ule nie. Ae 2,538 
Soulaneesig sc. ceiocc es ce ks eee cece Mearns 88 1,922 320 127 2,369 
LnternationalvRapidsts.\4 a sneewor elas ene on cae 45 1,954 409 187 2,550 


19. A detailed description of the material penetrated in each hole is on file 
in the Department of Railways and Canals at Ottawa. The rock elevations 
found and the location of all borings made are shown in the plans accompany- 
ing Appendix “C”’, 


20. Surveys. In the summer of 1924, the surveying of an uncharted por- 
tion of the St. Lawrence river, between the town of Lachine and the foot of the 
Lachine rapids, was undertaken and partially completed. This work was origin- 
ally plotted at a scale of 400 feet to 1 inch. 

21. In the years 1925-26, contour surveys of all islands in the river between 
lake St. Francis and Montreal were made, ‘Topographical information formerly 
obtained along the river.in the Soulanges Section was greatly extended, par- 
ticularly on the north shore between lake St. Francis and lake St. Louis. 
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22. In the Soulanges Section a number of water level profiles were made 
on both shores of the river and around the larger islands. 


23. In a number of cases in this section, basic data from plans of power 
companies was secured and replotted so that the plans filed with this report 
show all the data extant in the section. 


24. During 1925-26, the surveys of Lachine rapids and LaPrairie basin, 
begun in 1924, were completed, and topographical information formally derived 
was extended on both shores of the river so that all areas of interest to the St. 
Lawrence project were covered. 


25. Detail plans showing all buildings and improvements in the village of 
Caughnawaga and in the highly developed territory between the town of 
Lachine and Verdun were prepared. 


26. In the International Section of the St. Lawrence river, a number of 
small surveys were made by the staff of the Canadian Section. These embraced 
the south shore of the river between Lotus island and Iroquois point, the high 
portions of Ogden island, the lower part of the channel south. of Long Sault 
island, the river bed in the Little Long Sault rapids, and a series of summer 
cross-sections of the river between Morrisburg and the Long Sault rapids. 


27. A comprehensive valuation of all property and buildings affected by 
the proposed improvements on the Canadian side of the International Section, 
and in the Long Sault and Lachine Sections, was made in 1926. 


28. TEMPERATURE MrasurEMENTS.—In the autumn months of 1924, an 
elaborate series of water temperature measurements between lake Ontario and 
lake St. Louis were undertaken. This investigation extended through the early 
months of winter and furnished much needed data upon heat transfer between 
water and air in cold weather. 


29. A series of water temperature ee oe in the Ottawa river, 
between Grenville and the head of lake St. Louis, were completed during the 
month of November, 1924. 


30. INVESTIGATION oF IczE JAMS AND Packs. During 1925, a careful survey 
of the hanging dams at the head of lake St. Louis was made, and the progress 
of the ice packs as they built up from the foot of lake St. Peter to Montreal 
and from the head of lake St. Francis to the Long Sault rapids, was carefully 
recorded. 

31. At the request of the Board, a special survey of an unusual ice jam in 
the Niagara river was made in the winter of 1924-25, by the staff of the Welland 
Ship Canal. 

32. During the winter of 1924-25 and the two succeeding winters, record 
was kept of the movements of various ice jams and packs as they occurred 


at many points in the St. Lawrence river, between the foot of lake Ontario and 
the head of lake St. Peter. 


33. EXPERIMENT ON STRENGTH OF Icr. In the winter of 1925-26, the use 
of two rooms in the refrigeration plant of the Harbour Commission of Montreal 
was secured and in these rooms a great many tests of the strength of ice were 
made. The information obtained from these tests is given in appendix “F”, 


34. DiscHarce MrasureEMENtS. During the open water period of 1924, 
and again in 1925, many meterings of the St. Lawrence were made above 
Iroquois Point. During the winter of 1925, careful measurements of the flow 
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of the river at the head of lake St. Francis were made. These, along with 
measurements made in the winter of 1923 and 1924, and data compiled by the 
United States Lake Survey, enabled a close determination of flow out of lake 
Ontario to be made both for winter and for summer, 

35. In addition to meterings mentioned above Iroquois Point, measure- 
ments of river flow were also made opposite the mouth of the Montreal Acque- 
duct, at Boucherville island, and at Vercheres island, and also on the Richelieu, 
Ottawa, St. Regis and Raquette rivers. 


INVESTIGATIONS BY UNITED STATES SECTION 


36. The United States Section established a field office at Ogdensburg, N.Y., 
continuing from April, 1925, to January, 1926. Lieut. Joseph H. Stevenson, 
Corps of Engineers was in charge to July, 1925, when Col. C. 'W. Sturtevant 
assumed charge. Mr. F. W. Maltby was later engaged to collaborate with Col. 
Sturtevant on the studies of the proposed works. 


37. Designs AND Estimates. Extensive studies of hydro-electric develop- 
ment in the International Rapids Section were made for the United States 
Section of the Board by the firm of Viele, Blackwell and Buck, engaged as 
consulting engineers on this feature of the improvement. Designs and estimates 
for various schemes for improving the International Sections of the river were 
prepared by a special force organized in the United States Lake Survey Office 
at Detroit, in the winter of 1925-26, under Mr. Roger B. McWhorter. 


38. SuRVEY, CLAYTON To Brocxvitte. All shoal areas in this critical 
section of the proposed navigation route through the upper St. Lawrence were 
determined by sweeping with a wire drag, set at a depth of at least 33 feet. 
The work followed the sweeping methods developed by the United States Lake 
Survey, and was done by a party from the Survey. All shoal spots were 
sounded at 50 feet intervals. The areas swept, and the shoals found, are shown 
on the maps accompanying appendix ‘“‘C”’. The detailed soundings of the shoal 
areas are on file in the United States Lake Survey. 

39. Probings of the shoal spots were made with a steel rod in the course 
of the survey, and showed that these were principally solid rock (granite) or 
boulders. 


40. Survey, CHimney Point To Carpinau. On account of the great 
importance of this section of the river in all plans for improvement, a detailed 
hydrographic survey of this territory was made and plotted on a scale of 400 
feet to the inch. 


41. Survey, BARNHART Istanp. A new detailed hydrographic survey was 
made from Robinsons’ bay to Massena point, and was also plotted on a scale 
of 400 feet to the inch. 


42. Bortnes. Under a contract entered into with Clarke Brothers, Mays- 
ville, Kentucky, 93 wash borings were made to determine the character of the 
material between Chimney point and Point Three points, in the upper part of 
the river, and 61 borings, most of which were cored, were made to determine 
the elevation of suitable foundations for power houses, locks, etc., at the foot 
of Barnhart island, near the mouth of the Grass river, and at other points. In 
eet: 28 holes were drilled in this region with rented drills and on a footage 

asis. 
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43. To determine the elevation of the rock at the dam site near the foot 
of the Long Sault rapids, supplementing the special investigations by test pits 
and horizontal borings later described, a rented diamond drill, mounted on 
scow, was placed with some difficulty on the mid-channel shoal at the locality, 
and 5 vertical holes were drilled into rock. The rock elevation at the abut- 
ments of a dam at this site were explored by 8 diamond drill borings. 


44, It was found that the wash borings made under contract in the upper 
portion of the river did not afford a reliable indication of the quantity of ledge 
rock to be handled in the execution of the proposed improvement, and the 
critical areas were therefore re-examined with diamond and heavy well-drills. 
These further investigations showed that ledge rock hes, at a number of places, 
at considerably lower elevations than was indicated by the wash borings above 
described or those made by the Deep Waterways Board in 1898 and 1899. A 
few wash borings were also made in the Lake St. Francis Section. 


45. Most of the boring operations were made during 1925, but a few sup- 
plementary borings were made in 1926 to establish the foundation conditions 
at sites for structures developed by the office studies. The Canadian Section 
put its drill barge at the disposal of the United States Section for exploring the 
proposed dam site near the foot of Barnhart island during the latter season. 


46. The following is a summary of the borings made:— 


Total 

Class Number | length 
Borings cored into rock (total length cored approximately 1,100 feet).............. 102 5,285 
Welldirill boring ssi...hieee = ours Sn AaCRSOE CANCE SEE One Oe eR Ae CE CO TAME Tere 24 1,283 

Other borings— 

Riedcinedesinedserad@. va 00.0 centric ee schvchor tirana Ao states Adelokid chitahae oh 21 579 
NOE MTOACTIN Gg  GESITO fo Ta Ges 144 aati or Vata era ctanpsaes Bo aay othe Shyly soeloatd ate: 96 1,600 
OG Here sD ZERO RR Re feo OSL CaP ta AIMED TR. RROD he § ROLY, 243 8, 767 


47. The location of the various borings, except such wash borings as were 
rejected, is shown on the detailed maps accompanying Appendix “C”, A 
detailed description of the borings is on file in the office of the United States 
Lake Survey at Detroit. 


48. SpecIAL EXPLORATION oF THE Dam Sire ar Lone Sauitt Rapips. At 
this site, the river flows in two channels on either side of a midstream bar. The 
swift currents and heavy breaking swells in these channels render ordinary 
boring inordinately expensive, if not impossible. <A test shaft was therefore sunk 
on the shore on each side, on Barnhart and Long Sault islands respectively, and 
horizontal borings driven under the river from the bottom of these shafts. As 
previously described, vertical borings were made on the bar with a diamond 
drill. 


49, BARNHART IsLtAND SHArr. The Barnhart island shaft was located on 
a bench about thirty-five feet above the river surface, and 100 feet from the 
water’s edge. Active work on sinking the shaft was begun July 15, 1925. The 
collar was set at elevation 210. A timbered shaft was carried to bed rock, which 
was reached July 25, at elevation 148. The shaft was continued, without tim- 
bering, to elevation 121. A sump, with a depth of nine feet, was then excavated 
and the whole was completed on September 9, 1925. 
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50. The material penetrated was as follows:—- 


Elevations Description of Material 
DIO: bOs20 7 dratis iam occcaae eke Heavy black loam. 
ZOMAOROGSSS. anh ce sect eheddece Coarse sand. 
20675, t01205* Debye steak meine Sand and loam. 
PAD SOG) Kon! WC tone ie ahs emit oe ee Ove and sand with small rock mixed, turning to a hardpan towards 
the end. 
173} Go! 1DO laser. Aree sect. siete. « Shile hardpan. This material was very hard, requiiing shooting to 


loosen it up. It seemed to lay in layers and while it could be picked, 
much better progress was made by light charges of 40 per cent powder. 


T50ito BASSO Se rereet Cee er. Gases Blue limestone with large amount of fossils showing. Sloped about 1 to 
12 to the south and varied in thickness from 12 to 18”. 

TISs SCONES We eis cote seer ce Harapan with excess sand. 

LASEtOM ADIL. . Geile oe ere aee Blue limestone with seams }” to 1” thick of pure sand running both horizon- 
tally and vertical. 

145ito 13835: Boadahs. oek be Blue limestone. Very hard with tight seams running both vertical and 


horizontal. Shatters easily under 60 per cent powder. There was a 
small open seam at elevation 141. 


LOS2 Baka Aetna tea etude ete s aor macnn oct of soft shale laying almost level and extending clear across 
. the hole. ; 
PSSE2MCOne2 Dane cetera cesiere see are Hard blue limestone. 
125. 4OsLZ UI) Tee ane ee ee Blue nee oe but softer and showing large amount of fossils. Lighter in 
color. 


121 to bottom of sump, approx. 
AS AAP ER SCAG Ee SCN ee Hard blue limestone. 


51. The work was done by hired labour and was under the supervision of 
Junior Engineer W. B. Anthony. 


52. Lone SAuutt IsLtaANp SHart. This shaft was located at the foot of Long 
Sault island, on the shore, about seventy-five feet from the water’s edge. Sink- 
ing operations commenced on August 13, 1925, and were completed on Sep- 
tember 20. The collar of the shaft was placed at elevation 183.6. The timber- 
ing was carried down from the surface and was bedded at elevation 159.2 on 
a limestone stratum. 


53. It was found that this limestone stratum was about ten inches thick, 
underlain by a four-foot layer of shale and separated therefrom by an open 
seam. When this seam was penetrated, the flow of water produced in the drill 
hole indicated that the pumping equipment would be insufficient to handle the 
water if the seam was fully opened. Grouting was therefore resorted to, and 
the shaft was then successfully completed. 
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54. The material penetrated was as follows:— 


From To 
elevation | elevation Description ‘ 
180-9 171-6 |River gravel and sand. 
171-6 162-1 |Grayish, fine-grained marine clay, containing considerable fine sand. 
167-0 162-1 |Bluish-gray, thick-bedded limestone. 


Notr.—This formation was encountered on the west side of the shaft and extended 

about one-quarter of the way across the shaft. 

162-1 161-15 |Bluish-gray. fossiliferous limestone. 

161-15 159-25 |Bluish-gray shale. 

159-25 158-45 |Bluish-gray limestone. 

158-45 154-15 |Bluish-gray shale. The contact between this shale and the overlying limestone 
stratum isan open water seam and was grouted as described above. It is thought 
that there is a change in the rock series at this contact. 


154-15 151-5 |Bluish-gray, shaly, fossiliferous limestone. 

151-5 147-6 |Bluish-gray, fossiliferous limestone. 

147-6 145-2 |Light bluish-gray, crystalline limestone with shale partings. 

145-2 143-1 |Bluish-gray, fossiliferous limestone. 

143-1 141-7 |Bluish-gray, arenaceous limestone. 

141-7 138-7 |Bluish-gray, crystalline limestone, with shale partings. 

138-7 135-9 |Light-gray, dense, crystalline limestone with shale partings. 

135-9 133-9 |Bluish-gray, cross-bedded, shaly limestone. 

133-9 131-5 |Gray, dense crystalline limestone. 

131-6 131-2 |Bluish-gray, crystalline limestone, with shale partings. 

131-2 128-3 |Dove-colored, dense, crystalline limestone. 

128-3 126-8 |Bluish-gray, coarse, crystalline limestone. 

126-8 123-5 |Bluish-gray, coarse, crystalline, cross-bedded limestone with shale partings, with 
quartz deposition on joint planes. 

123-5 122-8 |Bluish-gray, cross-bedded, finely crystalline limestone with shale partings. 

122-8 122-7 |Same as No. 21, but lower shale partings. 

122-7 119-6 |Bluish-gray, dense, crystalline limestone. 


55. The work was done by hired labour, three shifts being employed. Mr. 
W. W. Gruber, Junior Engineer, was in local charge of the work during the 
period of organization and preliminary construction. Mr. E. L. Lull, Junior 
Engineer, was in local charge during the sinking of the shaft. 


56. Hortzontau Borines. The horizontal borings were driven under con- 
tract with the Pennsylvania Drilling Co., by diamond drills from chambers 
excavated near the bottom of the shaft. The deflection of the holes from the 
horizontal was measured every 100 feet by means of etching solution on glass 
tubes inserted in the holes; and the deflection in direction by compass needle 
in a congealing solution. It was found that all holes tended to dip downward. 
The boring from the Long Sault Shaft was driven 690.7 feet with a total cal- 
culated downward deflection of 15.7 feet. The first hole driven from the 
Barnhart Island shaft, when it had penetrated 660 feet, had.such a downward 
inclination that it was apparent that further information from this hole would 
have little value. A second hole was started with an upward inclination of 14 
per cent. This hole also dipped downward to such an extent that, at the end 
of 350 feet, it was deemed desirable to discontinue it. A third hole was started 
with an upward inclination of 3 per cent, and reached a distance of 760 feet, 
with the elevation at the end of the hole 4 feet below the point of starting. 
The end of the hole was then approximately 600 feet from proved rock estab- 
lished by a drilled hole on the midstream bar. 

57. The material penetrated by all horizontal borings was limestone 
bedded horizontally, with tight shale seams. No evidence of vertical seams or 
cavities was shown by any of the holes, and the leakage from all holes was 
insignificant. 
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SYNOPSIS OF GEOLOGICAL AND BORING INFORMATION 


58. As previously described, various borings, down to and into rock, have 
been carried out by both sections, distributed throughout the entire length of 
the river under investigation. 

59. In this appendix, it is thought desirable to outline more in detail the 
nature of the several rock formations and their over-burden, and at the same 
time to include some typical records of rock borings to indicate the character 
and arrangement of the strata of the various materials encountered in. the 
more critical localities. These typical records have been selected from those 
on file in the respective government offices at Ottawa and Detroit. 

60. The country rock, apart from the river influences, displays character- 
istics, including striations, indicating a southerly passage of glaciers. There 
are in addition, indications of pre-glacial erosion and. definite channels which 
cut across the glacier tracks in an easterly direction, not easy to trace or con- 
nect with any definite system. There are repeated series of ridges and valleys 
in the rock surface, cutting southerly across the present river throughout its 
whole course. The foregoing conditions have given rise to the statement 
expressed in the Main Report that “geologically the St. Lawrence is a new 
river” (para. 25). 

61. Indications of the changes which the river has undergone are frequent. 
While it appears generally to have preserved its uniformly straight course from 
Lake Ontario to Montreal, there are frequent instances of local variations as 
disclosed by rock borings, which may have some bearing upon future con- 
struction on the river. Modern theories of river hydraulics may explain these 
variations by changes in discharge, by some rock and earth erosion, by ice 
gorging, etc., but this river, with its great volume of water, appears to have 
kept very closely to its relatively straight course. 


62. THousaND IstANpD Section. The rock surfaces through this section, 
as found by hydrographic surveys are very irregular. The shoals to be exca- 
vated are granite, characteristic of this region. 


63. INTERNATIONAL Rapips SrctTion. General: The material overlying 
the rock throughout this section is generally a mixture of clay, sand, gravel, 
and boulders, with clay predominating. These are compacted into occasional 
masses of hardpan. Boulders occur frequently; they commonly form a pave- 
ment on the bed of the river especially where the current is swift; they are 
also frequently found in layers in the bodies of the islands and on the mainland, 
and almost invariably form the upper strata and caps of the high spots or 
knolls. As excavation work proceeds it is possible certain deposits of both 
sand and gravel may be found suitable for construction but these are likely 
to be limited. 

64. The rock in the International Rapids Section as indicated by borings, 
is generally limestone of various degrees of hardness and varying thickness of 
strata with occasional seams of shale and sandstone. A good portion of the 
rock, where excavated, may be used for different classes of construction, but 
only a limited quantity is suitable for concrete or other uses where uniformly 
hard and durable rock is required. 

Geological records (Geological Survey of Canada, Ottawa and Cornwall 
Sheet, No. 120, 1906), show calciferous dolomite between Chimney Point and 
Ogden Island and at Farrans Point and in the Long Sault Rapids. They show 
Chazy limestone with occurrences of Chazy shale with bands of sandstone 
between Ogden Island and the foot of the section. No geological faults have 
been found in the district. All rock encountered in this section appears to be 
quite strong and impervious. 
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65. Gatop Raprips. The head of Galop Rapids is formed by a rock ridge 
with its uneven surface filled in by boulder pavement. This ridge, which con- 
stitutes the control for the level of Lake Ontario and virtually forms the bed of 
the river, may be said to vary across the two channels, between Elev. 224 and 
228. 

66. The following boring record is given in order to present an idea of the 
typical character of the rock and its overburden in this general locality. 


ON GALOP ISLAND 


Location... .. .. ..... .. .-On North side of Galop island, near shore in large bay, about 
3,000 feet below upper shore of island (on centre of pro- 
posed channel). 


Done .. .. .... -... .. .-dtine 16, 1926, by United States Section with “ Well” Drill 
(Boring No. S. 14, Index No, P, 144). 
Blevationss ts eer. sarecoO Na Ground surface 
255.7 to 247.6 Clay 
239.0 Normal water level 
247.6 to 220.7 Hardpan with boulders 
220.7 Rock surface 
Medium blue limestone 
21084 Bottom of drilled hole 


67. Ocpen Istanp. At Ogden Island a rock sill crosses the north channel 
at Elev. 202 and a similar rock sill crosses the south channel at Elev. 214. At the 
lower end of the island the general level of rock appears to range around Elev. 175 
while further down below Canada and Clark Island, it is more irregular varying 
under the river bed, between Elev. 150 and 170. Extensive boring data is avail- 
able in this locality. 

68. The following boring records are herewith given as typical in this 
locality, the two selected being on the North shore of Ogden Island and alongside 
the main channel of the river. 


OGDEN ISLAND 


Location... .. .. .. .. .. ..On Point North side of Ogden Island, upper side of deep bay 
and about 4,500 feet from lower end of island. 

Donewey slo oS eeeenceptemberm 19230) by Can. sept. of Ro & C. with “ Weill” 
drill (Boring No. 9, Index No. 116). 

Hlevaltionk:.wenucd sti oes, wel s0e8 Ground surface 


240.8 to 230.3 Clay 

230.3 to 221.8 Sand and Gravel with Boulders 
218.0 Normal Water Level 

221.8 to 202.5 Sand and gravel 

202.5 to 198.6 Gravel with stones 

198.6 to 196.6 “Hard” and “Soft” rock (limestone) 


196.6 Rock Surface 
Limestone 
190.3 Bottom of drilled hole 
OGDEN ISLAND 
Location... .. .. .. .. .. ..Near shore, north side of Ogden Island, about 800 feet above 
lower end of island. 
Done fe see ee ce July P1923 2 by: Can "Dept. of (Re aC? with’ “ Well” drill 
(Boring No. 3, Index No, 108). 
HleVatiOnes) Aap eerie as pb eeO. 4 Ground Surface 
215.0 Normal water level 


226.4 to 197.9 Sand and gravel with boulders 

197.9 to 195.9 Boulder, limestone 

195.9 to 191.4 Sand and gravel 

191.4 to 174.4 Sand and gravel with clay 

174.4 to 173.7 Sand y 

WIS 87 Rock Surface 

L73eTitonlsleS Medium and soft limestone 

171.5 to. 164.2 Medium hard limestone 

164.2 Bottom of drilled hole. 
45827—5 , ; 
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69. CrystER Istanp. At and in the vicinity of Crysler Island about forty 
vorings have been made, this being an alternative location for a dam and power 
house. The borings showed marked irregularity in the underlying rock surface 
and water under pressure was found in several holes. The core borings made 
after the completion of the Main Report, however, disclose more favourable 
foundation conditions further down stream. 


70. Typical rock borings, above and below Crysler Island are as follows:— 


CRYSLER ISLAND 


Location... .. .. .. .. .. .-At shore upper end of Crysler Island, midway between main 
banks of river, 
Done i Belt rae ee Octobery Lozi by, Can Decor molmivanc | OamyabiEe Vell our 
(Boring No. 1, Index No. 106), 
filevatones. gisctes! tbcctee clot Ground surface 
208.0 Normal water level 


213.0 to 181.0 Hardpan with boulders 
181.0 to 176.0 Hardpan with small stones 
176.0 to 165.5 Clay hardpan (Boulder at 168.0) 
165.5 to 159.0 Sand gravel and a little clay 
159.0 to 155.7 Quicksand 

155.7 to 142.0 Hardpan 

142.0 to 140.2 Sand and fine gravel 

140.2 Rock surface 

140.2 to 139.2 Slate rock 

139.2 to 135.9 Limestone rock 

135.9 Bottom of drilled hole, 


CRYSLER ISLAND 


Location... .. .. .. .. .. ..In river, 100 feet below lower point of Crysler Island, midway 
between main banks of river. 
Done .. .. .. .. .. «. «. .-October, 1924, by Canadian Section with core drill (Boring 
No. 11, Index No. 104). 
Hilevatlon cme te eee cee elie aaee Water surface 
192.5 River bed 
192.5 to 183.1 Loose sand and gravel 
183.1 to 174.8 Sand and loose gravel 
174.8 to 167.5 Fine sand and coarse gravel 
167.5 to 158.7 Sand 


158.7 Rock surface 
Limestone 
141.6 Bottom of cored hole. 


71. Lone Sautr Rapips. The river bed forming the head of Long Sault 
rapids consists of a limestone sill or ridge with its crest at about Elev. 180, 
which it is to be observed is higher than the rock at Chrysler island, twelve miles 
upstream. At the proposed dam site, opposite the head of Barnhart island, 
the rock drops off to elevations ranging between 150 and 160. The exploration 
of this site, by methods hereinbefore described in detail, shows that the rock 
has ample bearing power for a dam structure. . 

72. The overburden in the banks and in the islands in the locality of this 
upper Barnhart Island Dam site, is of the usual boulder clay formation, The 
midstream shoal at this point is hard blue clay, with a paving of cobbles and 
boulders. 

73. The proposed dam and power house site at the foot of Barnhart island 
was explored for foundation conditions, both in the river itself, on the mainland 
and on Barnhart island. Within the river, six cored borings were sunk to 
depths of from 10 to 30 feet into the rock. The rock, at the genera! elevation 
of from 107 to 111, was limestone and drilling records indicate it to be impervi- 
ous. The overburden in the river, about 30 feet in thickness, is clay, sand, 
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gravel, and boulders, generally hard and dry but with some water bearing 
seams. On the United States mainland, on the powerhouse site, the rock ranges 
from Elev. 104 to 109 and on the Canadian power house site on Barnhart 
island, from about Elev. 110 to 125. 


74. Considering the United States mainland, both above and below 
Hawkins point, much attention was paid to investigation of the overburden 
because upon its impermeability will depend the security of this portion of the 
development if water is raised by a main dam across the river at the foot of 
Barnhart island. Various borings were put down along the river shore which 
indicate that the rock is lower around Hawkins point than further down at the 
power house and dam site. 


75. A study was also made of the character of this area comprising a 
stretch of about three miles in length and especially of that lying under the 
oval contour 200 extending above and below Hawkins point. Particular atten- 
tion was paid to the water bearing strata as disclosed by the numerous wells 
on the farms in the locality. The top portions of knolls here, around Flev. 
220 and 225, have the same predominating caps and shallow layers of boulders 
as elsewhere along the river, the boulders being embedded in a clay or hard-pan 
crust which holds rain and surface water in small ponds or swamps. There 
are sand and gravel strata below these, alternating with layers of hardpan 
and boulders. The water bearing strata hereabouts lie between Elev. 165, just 
about the surface of the water in the river, and Elev. 185, which is about the 
elevation of the top of the main clay or hardpan beds. Most of the water 
strata down river from Hawkins point are found about Elev. 165 and those 
above Hawkins point at Elev. 175 to 185. It is considered that for construction 
purposes, this long contour can be made reasonably impervious for the head 
that may be imposed, care being taken to secure tight connections to the main 
hardpan stratum at about Elev. 185. 


76. On Barnhart island a similar situation would be created and in like 
manner special attention was paid to investigating both rock and overburden. 
The most critical portion of Barnhart island in this respect is the lower third, 
as it is here that the island will be called upon, under any method of power 
development, to act as an earth dam having a dyke on its crest to hold water 
above its present ground surface. Such necessity raises the question of the 
impervious character of the material overlying the rock. 


77. Barnhart island is characteristic of all the St. Lawrence islands in 
this Section. Clay is mixed with sand, gravel, and boulders but in quite irre- 
gularly formed strata and at different levels. 


78. Selecting 13 typical borings in the lower third of the island with special 
reference to the materials overlying the rock, the following several features 
emerge: In only one locality does water occur at an elevation above the river; 
this appears to come from ponds and surface sources. There is nothing in 
the borings or surface indications to cause a suspicion that river water finds 
its way in significant quantity from the higher to the lower reaches by means 
of underground channels either in or beneath the island. The higher levels 
carry boulders with coarse gravel and sand and some clay which occurs in 
pockets. Intermediate levels carry sand and gravel with some strata of clay; 
these are sometimes compacted into hardpan. The lower levels, next to rock, 
invariably are of sand and fine gravel interspersed with layers of coarse 
materials and sometimes found tightly compacted. The same conditions prevail 
on Sheek island where similar investigations were carried out. 

45827—5} 
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79. Considering the lower portion of Barnhart island where it will be 
called upon to sustain water at a high level, the borings indicate that the 
materials overlying the rock will be satisfactory for the foundation of the earth 
dykes, provided they are properly prepared. 


80. Borings along the navigation canal route between Robinson Bay and 
Grass river were made to supplement those made in 1900 by the Deep Water- 
ways Board. Those at the Robinson Bay lock site showed continuous hardpan 
to rock which is at Elev. 122. Seven borings cored into rock were made at the 
Grass River Lock site; the overburden is soft blue marine clay, in general 
extending to rock which is at about Elev. 104. 


81. In order to convey some idea of the characteristics of these several 
critical localities at and about Long Sault rapids, five typical borings in addition 
to the two shafts already described, have been selected and their records are 
as follows:— 

BARNHART ISLAND AND LONG SAULT RAPIDS 


I 
Location... .. .. .. .. .. ..South side Barnhart Island near shore about 3,000 feet below 
Point opposite Robinson Bay. 
DONE: 5 cere noe em sislyerenve MAY. .8y1923, Dy, Canadian \Dept.. of, Ru @uCa swith “Well ” 
drill (Boring No, 17, Index No, 48). 
JETRO) tesce Havedicneyo. won. dice ol Dod: Ground surface 


196.5 to 194.5 Clay 
194.5 to 187.5 Sand and gravel with boulders 
187.5 to 178.5 Sand and gravel 


162.0 Normal water level 
178.5 to 119.5 Sand and gravel with clay 
119.5 Rock surface 
Limestone 
116.5 Bottom of drilled hole, 
II 
Location... .. .. .. «. .. .-Centre of lower portion of Barnhart Island 2,500 feet up from 
the lower end and in the forebay of “Two Stage” Power 
House site. 
Done .. .. .. .. .. «. .. »- March 20, 1922, by Canadian Dept. of R. & C. with “ Well” 
drill (Boring No. 4, Index No. 41). 
MlevabiOnias ose ier cnage «nares LOSO Ground surface 


210.0 to 182.5 Sand and gravel with boulders 
182.5 to 170.0 Gravel with clay 

170.0 to 159.0 Sand and gravel 

159.0 to 154.0 White sand and coarse gravel 
154.0 to 152.0 “ Layer of limestone” (Boulder?) 
152.0 to 151.6 Sand and gravel 

151.6 to 146.3 Clay hardpan 

146.3 to 145.9 Sand and gravel 


145.9 Rock surface 
“ Hard” limestone 
133.9 Bottom of drilled hole 
III 
Location... .... .. .. .. ..Midstream, Main Channel, southeast of and opposite lower 


end of Barnhart Island, on “Single Stage” Dam and 
Power House site. 


Done .. ... .. .. «se es es »»-May, 1926, by United States Section, with core drill (Boring 
No. R. 1, Index No. P. 53). 
lew ab 1ONcbewetadle cP A Sion LeU Water surface 
141.1 River bed 


IAAT toelsiet Sand and gravel 
131.1 to 122.5 Sand and gravel, with clay 
122 '5,.to112-8 Sand and gravel, with clay and water 
112.8 to 110.7 Sand and gravel, with water 
TORT Rock surface 
Limestone 
89.5 Bottom of cored hole. 
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IV 
Location... .. .. .. .. .. .-On United States mainland, near shore in bay 3,500 feet below 
Hawkins Point on “Single Stage”? Power House site. 
Done... .. .. .. .. .. .. «April 6, 1925, by United States Section, with core drill. (Boring 
No. P. 5, Index No, P. 59). 
PCV AION bi eies pa ge, ies yeo OO. Ground surface 
159.0 Water level 


186.0 to 105.8 Sand and clay, with boulders. Material re- 
quired blasting at some places down to Eley. 137.0 to drive 
caging. 

105.8 Rock surface 

105.8 to 100.8 Blue limestone “shattered to some extent ” 

100.8 to 80.8 Blue limestone, “hard and solid” 


80.8 Bottom of cored hole. 
V 
Location... .. .. .. .. .. ..On Canal Line, near Robinson Bay Lock Site about 3,000 feet 
below Robinson Bay. 
Done .. .. .. .. .. .. .. ..May 14, 1926, by United States Section with core drill. (Boring 
No. P. 6, Index No. P. 64). 
Elevation tie. @vak in <gl90rs Ground surface 
190.8 to 182.8 Soft clay 
163.0 Normal water level in Robinson Bay 
182.8 to 122.4 Hardpan with boulders 
122.4 Rock surface 
Blue limestone 
104.0 Water lost 
97.4 Bottom of cored hole. 


82. Lax Sr. Francis Section. In lake St. Francis some deposits of sand 
were found near its head, but, in general, the material to be removed in the 
channels consists of soft mud overlying sand and gravel. The land area south- 
east of the lake consists of layers of peat overlying clay. 


83. SouLANGES Section. The material overlying the rock surface through- 
out this section is boulder clay in the ridges and marine clay in the flat por- 
tions. The marine clay appears to have been deposited after the boulder clay; 
in some cases both materials were found in the same boring. 


84. The overburden at the upper end of this section is not very deep and 
in many cases the rock is close to the ground surface. This is especially so in 
the Coteau rapids, while at the upper end of Grande ile there is much rock out- 
crop, and most of the wells on this island are quite shallow. The overburden 
on Grande ile is boulder and marine clay and no sand or gravel was encoun- 
tered in any of the borings except at the east end of the island. 


85. Between Cascades point and Cascades island, and on the latter, the 
solid rock surface is exposed but it falls off rapidly toward the Ottawa arm of 
lake St. Louis. 


86. In Coteau rapids, crystalline limestone is exposed and is of a specially 
hard gritty nature. In Cedars rapids, dolomite is exposed and in Cascades 
rapids, Potsdam sandstone. 


87. On the south side of the river, along the line of the Hungry bay- 
Melocheville canal location as proposed in the report of 1921, the overburden 
is marine clay overlying gravel and sand, except along the St. Louis river, where 
rock outcrops and boulder clay ridges rise through the surface of the marine 
clay. The high ground between the St. Louis and St. Lawrence is heavily 
capped with boulder beds. At Melocheville, solid sandstone rises to the surface 
and has been quarried in some places. 
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88. Along the north shore of the river from Coteau to Cascades, the over- 
burden is all marine clay although some sand and gravel is found in borings 
made near Coteau Landing. On ile Juillet and ile aux Vaches, clay, sand, and 
gravel overlie the rock. Some sand and gravel were also found in the borings 
put down in the river above ile Juillet. 

89. Boulders and boulder pavements on the river bed and the islands are 
frequent throughout the whole section. When the river bed was exposed during 
the construction of the Cedar Rapids Power works, the bed of the head canal 
was found to be covered with boulders. 

90. In general the rock surface in and on the shores of the river above 
Coteau rapids is about elevation 126. Similarly, it is at about elevation 100 at 
the upper end of Cedars rapids and from elevation 80 to 85 at the top of Cas- 
cades rapids. 


91. Four typical borings in this section have been selected as indicating 
the character of rock and overburden. Their records are as follows:— 


COTEAU DU LAC 
if 


Location... ..... .. .. +. ..Near shore, north gide of river above Coteau du Lac, 
opposite Prisoner’s island (at mile 145 and on Coteau 
du Lae lock site). 


Done .. 5. «. +. 14 ..10. . Moy TeiS255iby Camadianssection withsawelle drills idBor- 
ing No. 11, Index No. 29) 
IMIG EIN ay os moonn eh eo wollen Ground surface 
150.2 to 146.7 Clay 
143.0 Normal water level 


146.7 to 138.7 Sand and gravel 
138.7 to.131 .2 Sand and gravel with clay 
131.2 to 129.4 Sand and clay 


129.4 Rock surface 
Limestone (“Fairly hard ”’) 
111.9 - Bottom of drilled hole. 
ILE JUILLET 
TI 
Location... .. .. .. .... .-dn mver, 1000 feet upstream from Ile Juillet. (On line of 
proposed dam). 
Done. «si lecieeyes of «6 ee --October (30, 1925, .by Canadian Section. with core drill 
(Boring No. 4. Index No. 50). 

elevation ass rey oe naereeeey eel Ome Water surface 

118.4 River bed 


118.4 to 105.0 Sand and coarse gravel 
105.0 to 101.0 Sand and gravel with clay 


101.0 Rock surface 
Limestone 
84.3 Bottom of cored hole 
HEAD OF CEDARS RAPIDS 
Ill 
Location... .. .. .. .. .. ..ln river, midstream, 300 feet north of lower end of Ile Juillet, 
toward Ile aux Vaches. (On power house site). 
Done. os ners. .acki .2..nesINovember 10, 1925, bysCanadian Section. with, core» drill. 


(Boring No. 6, Index Nilo. 55) 


Ikea NeIOMNAR Yao Gr, yaoi ego ZO. lu Water surface (swift) 
115-1 River bed 
115.1 to 103.9 Sand and coarse gravel with clay 
103.9 to 100.8 Sand and coarse gravel 
100.8 Rock surface 
Limestone 
F 90.1 Bottom of cored hole. 
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CHAMBERRY GULLY 


IV 
Location... .. .. .. .. .....In Chamberry Gully, on canal location below Chamberry 
Gully lock (at mile 155) 
Done... wo seo 6. April 27, 1921; by Canadian Dept, R. & C. with .“ Well”. drill. 
, (Boring No. “S”, Index No. 19) 
Elevations. 1.04.6 0 JS eeeOBRO Ground surface 


98.0 to 78.5 Clay 
7835)to; 6278 Gravel 


62.8 Rock surface 
Hard sandstone 
54.8 Bottom of drilled hole. 


92. LACHINE Section. The material overlying the rock in this section is 
mostly of clay with small amounts of sand and gravel, usually near the rock 
and in comparatively thin layers. From above Lachine to the mouth of the 
Montreal Aqueduct and from the foot of Lachine rapids to Montreal, the river 
is strewn and paved with boulders. In the borings, however, especially along 
the shores, very few boulders were encountered. 

93. The surface of the rock is exposed in many places throughout this 
section both on the shores and on the islands, and in the form of shoals and 
ridges in the river and rapids. On the north shore between Lachine and 
Verdun, the rock surface is above the bed of the river but it drops off east of 
Verdun and from there to Montreal is generally below the bed of the river. 

94. The rock found in the borings in the eastern end of lake St. Louis was 
shale or soft limestone. There is a large outcrop of Chazy limestone along 
the shore at Caughnawaga, while east of this point it is Trenton limestone, also 
exposed. Further east this is replaced by Utica shale. In the Lachine rapids 
there are frequent igneous dykes or intrusions through the shale, running across 
the river northwesterly ; these outcrop on Heron island and on both main shores. 
The shale disintegrates very rapidly on exposure but the igneous rock weathers well. 

95. The general surface of the rock opposite Lachine is at about Elev. 50 
and this approximate level holds until near the head of Lachine Rapids. The 
general level at the foot of Lachine rapids is between Elev. 18 and 24 which 
holds along the north shore to Verdun. The rock along the proposed canal route 
then rises following the shore until near Victoria bridge where it is about Elev. 
30. Thence it rapidly falls to about Elev. minus 6 in the upper end of Montreal 
harbour. 

96. Three typical borings have been selected for this section, the records 


of which are as follows:— 
LACHINE RAPIDS 


Location... .... .... .. .-On south shore at head of Lachine rapids, opposite upper 
end of Ile au Diable (near dam site). 
Donceesiee ao eebeel foe ee lebruarya2 1925) bya Canadian Section with “Well ?dnil: 
(Index No. 67). 
ileNectvonbere tenure. els cists 3 seh woe Earth’ surface 
57.0 Normal water level 
59.280, 54.2 Earth and stones 
54.2 Rock surface 
DAMON OD ae Slate rock 
S22 toy NA. Shale and slate 
47.3 to 46.1 Slate rock 
AGu tome an Shale and slate 
40.2 to 38.2 Hard slate 
SSe2 hom sone Shale 
Son avon ml Gre Slate 
16.2 to -3.8 Black shale and clay 
Se) Hh,83 Slate 
-5.3 to —20.0 Black shale and clay 
-20.0 to -25.5 Limestone 


—25.5 Bottom of drilled hole. 
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LACHINE RAPIDS 


Location... .. .. .. .. .. ..Island, north side of river about 2,000 feet west of present 
Lachine power house and 1,300 feet from river (near 
guard. gate site) 


Done... .. .. .. .. .. .. «August 10, 1925, by Canadian Section with “Well” drill. 
(Index No. 60). ; 
Wlévation ... oo. + dar see GORD Ground surface 


66.9 to 63.9 Hard sand 
63.9 to 59.9 Sand and clay 
59.0 Normal water level (head canal) 
to 56.9 Clay 
to 54.2 Gravel and stone 
to 50.0 Slate gravel 
Rock surface 
39.5 Slate rock 
Seam of sand and water (4-inch) 


Sees esres 
WTONMNOONOSO 
5 


to 34.9 Rock, very hard 
tO olen, Rock (softer) 
Bottom of drilled hole. 
AT VERDUN 
Location... .. .. .. .. .. ..At shore, north side of Nun’s Island opposite Verdun pump 
house (on canal location, mile 180) 
Done... .. .. .. .. «. .. ..February 19, 1924, by Canadian Section, with “Well” drill. 
(Index No. 10). 
Klevation, J .d@ adsl.ig hao 40nd Water surface (winter) 
683.3: Normal water level (summer) 
32.9 River bed 
32.9 to 23.5 Sand and gravel \ 
23.5 Rock surface, shale 
23.5 to 18.3 Shale 
18.3 Rock surface, slate 
18.3 to -6.8 Slate 
-6.8 Seam of sand 
-6.8 to -11.4 Slate 
-11.4 } Bottom of drilled hole. 


97. Information concerning the geology of the St. Lawrence river, between 
Prescott and Lachine, is contained in a “ Report on Structural Materials” in 
this section, published by the Canadian Department of Mines, 1922. Refer- 
ences to other geological reports are given on pages 12 and 13 of that publica- 
tion. 


Adopted by Board, June 2, 1927. 
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APPENDIX B 


LAKE LEVELS AND OUTFLOWS 


1. This appendix sets forth the data and computations on which the con- 
clusions relating to the Great Lakes in Part II of the Report are based. 


DESCRIPTION 


2. AREAS AND StTorace Capacity. The areas of the Great Lakes are as fol- 
lows:— 


Square Miles 
Lake Superior (including St. Marys river above St. Marys falls).... 31,820 
Paice PNECHI SATIN tect ctterctcletar ereteetton ene ctehs (= ae ’e) oletel sueteteh ofoley over of oxoFe¥ anor s¥eVoYereys 22,400 
Lake Huron—(including St. Marys river below St. Marys falls) .... 23,010 
arerstaClairc U(includime St. Claim iriver} '-7. 5 oh. «bts <1 tess sit site > sete 460 - 
akephrirel(ineludinewgD etroltwrivier) eaack ictte secisccsus t= “focus HAE SS 9,940 
Lake Ontario (including Niagara river and St. Lawrence river to 
Galop rapids) rege ete eet eestor yerahers aeetata tec ides cea alohs tel Stal ovahe 7,540 
"To Gaul ctercia aie sicher eter eae hiv chon casunte’ sist obene ys) sus salerauels GLeksu« lata ees 95,160 


3. The Great Lakes form an enormous reservoir system which equalizes 
the flow of the St. Lawrence river. In this system lakes Michigan and Huron 
are a single unit, since they are joined by the broad and wide straits of Mac- 
kinac and have always substantially the same level. Lake St. Clair can be 
included, without material error, in the reservoir capacity of lake Erie. 


4. The flow of water that would be furnished by drawing down the several 
lakes by one foot, or conversely the flow required to increase the depth on the 


lakes by one foot, is as follows:— 
Cfs. for One Month 


a en Superior eye tate tts tek Slender ha. Soh NPs yomtorg ® Sapeale athe g 337,100 
Makes Muchioan-bluronweatrseuljire cists me upsets scis.+ Shela s/estoves tate laistsiare 481,200 
1 Dope) eh OC) tears ener Bisea cca: Sepa RR ENC IS CRG ARC aan rac into eeieacacar care 110,200 
PakelOnGavio My, ANU SHAG ees. « Me AS REAL RES LIER 80,000 

OCA eet es ran ee en ta ee iE ete state eee Nene cm tet ee 1,008,500 


5. A draw down of one foot on the lake system as a whole would provide 
the entire average flow delivered to the St. Lawrence for more than four months. 
It is of interest to note that the entire flow of the Mississippi river past New 
Orleans at flood time would raise the Great Lakes at the rate of but little more 
than one foot per month. 


6. Suppty. The water supply of the Great Lakes is furnished by the inflow 
of the many relatively small rivers of their drainage basins, increased by the 
rainfall on the lakes themselves, and decreased by the evaporation from the 
lake surfaces. The total area of the drainage basin of the lakes is approxi- 
mately 300,000 square miles, of which nearly one-third is occupied by the lakes 
themselves. Computations show that the average supply received from the 
land areas about equals that received as rainfall on the lakes, but that roughly 
40 per cent of this total gross supply is lost by evaporation. (Table 45, pp. 
367-368, Report on Diversion of Water from the Great Lakes, 1919.) 

7. The net supply to any lake, from month to month, can be determined 
from the inflow from the lake above, the outflow from the lake, and the change 
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in level during the month. The annual supply to the entire lake basin, from 
1860 to 1925, as determined by such computations (par. 72 to 89), has varied 
from a maximum of 342,000 cfs. per annum in 1873 to a minimum of 145,700 cfs. 
per annum in 1895, with an average for the entire period of 242,000 cfs. 


8. The poral variation in supply swings between much wider limits. It 
is highest in the spring months of April to June, and lowest in the fall months, 
October to December. The,average net supply of the lake basin by months 
from 1861 to 1925 has been as follows: — 


Spring and Summer Fall and Winter 
’ Cfs Cfs. 

MEP CO META gti Siemon BGoe ue OU OL 367,800 TAU BUSG wits eucoge'e Seeanel a kontis oreo roke 178,600 
WAT TAL ules eeeee eucnene tensa taiteue renee tele 533,900 September vane) esmera tere eicesiters 89,200 
Maye” eta cei shre, fo chasse de toelete 538,900 Octobery CES. soon eepepuee tue eyeusieds 41,300 
aD AUTVE hes oie seeds le ate lov aRseectatanaavat stale 445,300 November a re camss:s soe ereenes 19,700 
Ja Se iertoiss, hesielovetsteae atti are are 304,900 December: Se tresvss cts sete steers 61,400 

SANUALY "Sate toes os esevedele overseers 110,400 

Hebrimarye-.cteeetete ovate ciel 208,500 
IA VOT AEC MEE sa sichoke isccdeat ialeactovoeheve 438,200 AVERAGE! .)c 4.3.0.5 «+ dis eyloiest hearts 101,300 


9. During the high year of 1873 the supply for the month of April was at 
the rate of 825,500 cis. During the low year of 1895, the lake system as a 
whole lost during the two months of October and November more water from 
evaporation than it received from all sources, the deficiency being 51,500 cfs. 
per month and 35,500 cfs. per month respectively. 

10. The monthly supplies to the individual lakes, from 1860 to 1925, are 
given in tables 1 to 7, appendix B. 


11. OurrLow or THE LAKE Bastn. The average yearly outflow from the 
Great Lakes basin, including the outflow through the canal of the Chicago 
Sanitary District, has ranged from 285,400 cfs. in 1861 to 205,500 cfs. in 1895. 
The monthly outflow has ranged from an average of 318,000 cfs. in May, 1870, 
to an average of 174,200 in February, 1872. This minimum was due to ice 
retardation. The minimum discharge with open-river conditions was in 
November, 1895, and amounted to an average of 194,000 cfs. for the month. 
The average total outflow from 1861 to 1925 has been 246,100 cfs. The apparent 
discrepancy between the mean supply given in par. 7 and the mean outflow is 
reconciled by the relative lake levels at the beginning and end of the period. 

12. The recorded maximum and minimum monthly outflows occurred prior 
to the opening of the Chicago Drainage canal, and the figures given represent, 
therefore, the limits of variation of discharge into the St. Lawrence. 


13: The total outflows through the Chicago Sanitary District canal are 


ziven in the following tabulation, extracted from the Report on the Illinois 
River published in House Document 4, 69th Congress, 1st Session: — 


Yearly Mean Yearly Mean 
Year Discharge, Cfs. Year Discharge, Cfs. 
1900 POS RARE. AER SCL tier 2,990 LOD rte td asec cela hake Nee 7,839 
OOS Ris cect dc voeuthese oleae asieERe custo 4,046 Ne: Pe SN SR on cay in © Gee 7,815 
1GOS hE LS De SE 4,302 1915-2 oI Bae, Saad Fe 7,738 
ORS, FAN... aa aks, SONNE alot Rates 4,971 LOGS A025 AAG Ae es eee 8,200 
LOOAg A. wet slosselaeiienys fe Sete 4,793 LOD Qex sé cephters tet ee Eee 8,726 
OOD 28.0 he 3 cu dlaldennas. © oa Pavede aueledt sks 4,480 NOS ee Focovcustis ea eA Te 8,826 
LO GOT Scteteus; cartes tC etree arene 4,473 Uo) HS Dale aan errr ea ue, saceninGie ae 8,595 
TOOT FHCe SL RRA. Bs 5,116 L920) WS. PRL BIRO Oe: 2 8,346 
L908 eben lb Asoc crete s arrestee 6,443 LODZ Ts tectreveys cette rote c tye bet 8,355 
NOOO: Wied ape at oys ta’ sis se. cateeuriieke ove eren 6,495 TOD) tiicss lasts, Wisse heUR IRN SUR OR Se aioli 8,858 
LOTO" 208 AR Ae Soe 6,833 TODS: We. RE oe eee ee re, ree 8,348 
VOD gy aade. jek). petty ded rote ereeainc 6,896 LOQA, . krersiys ays teieyon tials Skee 32 9,465 
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14. ANNuAL FiuctruaTion IN LAKE Leveuts. The annual fluctuation of the 
lake levels in absorbing the seasonal irregularities of supply has been as fol- 
lows:— 


Average Maximum 
Feet Feet 
SUPOCRLOL Partha nice cick © tithe Mate cree ote eres ectler ale phehrcatet cranks 14 2567 
Michie a mln omt wa sice 5 crate eeve-Pereeene hel oPevs one fs fol ey ofa! ane ete ts 14 2.58 
EYE ONY Eee Ee tes re hats 2 he GAS EE a SES eT IP eS of Sta» SkT chet « Rgete es 13 2.99 
OmcariOMmen tetera eles ec csioth Ree skatcarae ee onde & 4.17 


15. Extreme Rances or Montrurty Mran Laker Levers. Extreme high 
and low waters are reached at the end of periods of excessive or deficient supply 
extending over several years. The mean highest and lowest average monthly 
levels of the Great Lakes between 1860 and 1925, in feet above mean sea level, 
are shown in the following tabulation :— 


Mean 
a elevation Maximum Minimum Range 
HuUpenion at Marquette wok sick pa teede pens 602-24 1604-08 (Sept., 1869)|600-54 (April, 1911)} 3-54 
Michigan at Milwaukee.................... 581-02 |583-57 (June, 1886)|577-47 (Dec., 1925) 6-10 
Huronat Harbor Beach Jie 3455 8h. eee 581-02 |583-66 (July, 1876)|/577-61 (Dec., 1925) 6:05 
Brief ti@levielandinn..6e0 ns ters. . rma 572-46 |574-52 (June, 1876)|570-39 (Dec., 1925) 4-13 
Ontario mOswer one .cee sh vacdun or oe Oe 246-11 (248-95 (May, 1870)|243-41 (Nov., 1895) 5-45 


16. TemMporaARY OSCILLATIONS OF LAKE SuRFACES. Superimposed on the rise 
and fall of the level surfaces of the lakes shown by the monthly mean levels, 
there are occasional oscillations due to wind and barometric pressure, by which 
the water is raised temporarily by several feet in a part of the lake, and depressed 
by an equivalent amount in another. Lake Erie particularly is subject to such 
disturbances. Its fluctuations reach their maximum at Buffalo, due to the con- 
figuration of the shore line at the east end of the lake. During a westerly gale 
the water has risen 8 feet above its monthly mean level at Buffalo; and the water 
at Buffalo has been known to fall 4 feet below its monthly mean level. While 
these extremes are uncommon, fluctuations of one or two feet, lasting for a few 
hours, are not uncommon, and more or less rythmic fluctuations of several inches, 
known as seiches, are nearly always occurring on all the lakes except Ontario. 


17. Levets Prior to 1860. The systematic recording of the levels of the 
lakes was not begun until 1860. The gauge records prior to that date are gener- 
ally not continuous, and the datum to which some are referred is not certain. 
The lakes reached an unusually high level in 1838, and this high water level was 
for years used as a reference plane for lake levels. The high water level of 
1838 on lake Erie is established at 575.11, which is 0.6 feet above the highest 
monthly mean level since 1860; on lake Michigan, the high water of 1838 is 
584.69, which is 1.1 feet above the maximum monthly mean level since 1860. 
The high water of 1838 on lakes Superior and Ontario was established by infer- 
ence rather than by records, but has been carried as 605.32 for lake Superior, 
and 248.98 for lake Ontario. For Superior, this high water datum plane is 1.2 
feet above the highest monthly mean level recorded since 1860; on Ontario, the 
monthly mean level for May, 1870, was practically at the 1838 high-water plane. 

The old records further indicate that in 1819 the lakes may have been at 
substantially the low levels of 1925. 


18. Eartu Tint. The records of the several water-level gauges on the Great 
Lakes show a gradual steady rise of the earth surface on the northerly shores of 
the lakes relative to that on the southerly shores. This movement of the earth’s 
surface is in the same direction as that which occurred in past ages, as shown 
by the levels of old beaches. The axis of the present tilting as a whole is 
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approximately 20 degrees north of west, and the rate of tilting is in the vicinity 
of one-half foot per hundred miles per hundred years, with indications of a 
somewhat greater rate in the northern areas. 

The effect of this local tilting on the water levels and depths of water at 
any locality on any lake varies with the distance of this locality from an axis 
drawn through the controlling sill of the outlet to the lake. 

The maximum effect of this movement of the earth’s surface on Great 
Lakes levels should be felt in the lower St. Marys river, which is some 200 miles 
from an axis drawn through the outlet of lake Huron. If the tilting of the earth 
continues at the present rate it is to be expected that the depths in the channels 
and in the lower entrances to the locks in that river may be reduced by one foot 
in a hundred years. It is to be expected that the channels and lock structures 
will be deepened to meet the growing demands of commerce long before any 
substantial effect is felt from this slow movement of the earth’s surface. 

Detailed discussions of the subject are contained in an article entitled 
“Tilt of the Earth in the Great Lakes Region” by Mr. Sherman Moore, 
Assistant Engineer, United States Lake Survey, published in the Military 
Engineer, May-June, 1922, pages 153 et seq.; and in a paper “ Recent Earth 
Movements in the Great Lakes Region” by Dr. G. K. Gilbert, printed in Part II 
of the Report of the United States Geological Survey, 1896, pages 595 to 647. 


DIVERSIONS AND OUTLET ENLARGEMENTS AFFECTING LAKE 
LEVELS 


19. Diversions AND RecutaTine Works, St. Marys River. The outlet of 
lake Superior is the St. Marys River, the natural control section of which is 
the rock sill at the head of the 17 to 20-foot incline at St. Marys falls. Diver- 
sions of water into power canals, which draw water from above the falls and 
discharge it below the falls, was begun in 1895 and subsequently increased until 
at the present time nearly the entire flow of the river at low stages is drawn 
through the canals. 


20. The existing diversions are as follows:— 


A—In the United Staites— 

(1) By the Michigan Northern Power Company under leases granted under authority 
of section 12, River and Harbour Act of March 3, 1909. 

By lease dated May 28, 1914, and expiring June 30, 1944, 25,000 cfs. primary 
water and 5,000 cfs. secondary water. 

By lease dated September 10, 1918, and expiring June 30, 1944, 3,000 cfs. additional 
secondary water. 

(2) By the Edison Sault Electric Company as a part of lease of power works, dated 
June 25, 1912, and expiring June 30, 1942, issued under authority of section 11 of 
River and Harbour Act of March 3, 1909; sufficient water to operate said works with 
additions, not exceeding an aggregate total capacity of 5,335 horsepower at 14-foot head 
over and above the power required by the United States for its own use. 

(3) By the navigational canals and locks operated by the United States. 

B—In Canada— 

(1) By the Great Lakes Power Company, under grant from the Department of 
Lands and Forests, Province of Ontario, by virtue of Orders in Council of June 20, 1914, 
September 4, 1914, and March 11, 1919, covering the right to use 20.000 cfs. 

(2) By the Canadian Government for the operation of the navigation canal and lock. 


21. The mean flows during 1925 were as follows:— 


Power diversion, Michigan Northern Power Co.............+eseeee. 29,983 
Power diversion! Edison, Sault; Blectric Come... ytemen udu clabl'o steleatte 1,411 
Navigation canals, Umited\ states. 2. 1. stubehesc stsrceis cieiele serena crsietents 796 
Power diversion, Great, Lakes* Power’ Coy fence ose as ose a eases eae e 19,344 
Navyigationtcanal Candida) 1%, 2k Mik .eeaeeracore se iee bine eieehao eles 106 


TRL VOT ics Gass eoxonepre odors leon re eres a 3: Lass op sieab erate spel np pale Bye vere teiare: oleiaRetens ove 4,846 
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22. Obviously these power canals have greatly enlarged the natural discharge 
capacity of the river. The natural capacity had previously been somewhat 
reduced by the construction of the piers and embankments of a railroad bridge 
at the head of the rapids. As the diversion for power increased, its effect on 
the levels of lake Superior was first compensated for by contracting the river. 
There was a limit however to which such contractions could be carried. The 
flow through the natural outlet had ranged from about 50,000 cfs. at low stages 
to 130,000 cfs. at high stages, and this variation in discharge must be preserved 
to hold lake Superior within its natural range of stages. If the channel were 
contracted, say to one-half, in order to permit the diversion of 25,000 cfs. 
without diminishing the low stages of the lake, the discharge capacity at high 
stages would be not far from one-half of 130,000 cfs. plus the diversion of 
25,000 cfs.; a total of but 90,000 cfs. The high levels of the lake would there- 
fore be increased. 

23. To overcome this situation, the power companies were required to 
install gates by which the low-water discharge over the falls could be curtailed 
without curtailing the total high-water discharge. The gates now extend com- 
pletely across the river. With the control gates and the power canals, the dis- 
charge from lake Superior can be varied at will from no discharge up to 
approximately 100,000 cfs. at low lake stages, and from no discharge up to 
130,000 cfs. at high lake stages. The contractions made in the river reduce its 
capacity at high stages to approximately the same extent that the power canals 
have increased this capacity, so that the gross discharge capacity is now sub- 
stantially the same at high stages as originally. 

24. The control gates are operated under a Board of Control in accordance 
with conditions laid down by the International Joint Commission. Applica- 
tion having been made by the Michigan Northern Power Company and the 
Algoma Steel Corporation, respectively, for approval of the obstruction, divers- 
ion, and use of the waters of the St. Marys river, the Commission, in parallel 
Orders and Opinions dated May 26 and May 27, 1914, after reciting that the 
equal division of the water between the United States and Canada was con- 
ceded upon the hearing by their duly appointed representatives, granted the 
applications, subject to conditions, some of the more important provisions of 


which are as follows:— 

All compensating works heretofore built and all such works built under this order of 
approval and all power canals, including their head-gates and by-passes, shall be so operated 
as to maintain the level of lake Superior as nearly as may be between levels 602.1 and 603.6 
above said mean tide at New York, and in such manner as not to interfere with navigation. 
The operation of all the said works, canals, head-gates and by-passes for the above purposes 
shall be under the direct control of the board hereinafter authorized, which board shall be 
known as “ The Board of Control.” 

The officer of the Corps of Engineers charged with the improvement of the falls of the 
St. Mary’s river on the American side and an officer appointed by the Canadian Govern- 
ment shall form said board whose duty it shall be to formulate rules under which the com- 
pensating works and power canals and their head-gates and by-passes shall be operated so 
as to secure as nearly as may be the regulations of lake Superior as set forth herein. It 
shall be the further duty of said board to see any rules or regulations now or hereafter 
made by proper authority for the control of said works are duly obeyed. 

To guard against unduly high stages of water in lake Superior the rules formulated by 
said board, when tested by the physical conditions which existed during any year of recorded 
high water in lake Superior, when the monthly mean elevation of the lake exceeded 603.6 
above said mean tide at New York shall give no monthly mean level of the lake greater 
than the maximum monthly mean actually experienced in said year. 

To guard against unduly high stages of water in the lower St. Mary’s river, the excess 
discharge at any time over and above that which would have occurred at a like stage of 
Lake Superior prior to 1887, shall be restricted so that the elevation of the water surface 
immediately below the locks shall not be greater than 584.5 above said mean tide. 

At all times said board shall determine the amount of water available for power pur- 
poses. Said board will cause the amount of water so used to be reduced whenever in its 
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opinion such reductions are necessary in order to prevent unduly low stages of water ir 
lake Superior, and will fix the amounts of such reductions; Provided, that whenever the 
monthly mean level of the lake is less than 602.1 above said mean tide of New York, the 
total discharge permitted shall be no greater than that which 1t would have been at the 
prevailing stage and under the discharge conditions which obtained prior to 1887; provided 
further, before any flow of primary water cn either side of the river is reduced the use 
of all secondary water shall be discontinued. 

“Primary water” as used herein shall be understood to mean the amount of water 
which is continuously available for use for power purposes. ‘Secondary water” shall be 
understood to mean an amount of water, over and above that designated as primary water, 
is dntermittentiy available for use for power purposes. 


25. The operation of the regulating works has affected the levels of lake 
Superior, and also the levels of the lower lakes, since the controlled discharge 
out of the lake is at times greater than the natural discharge and at times less. 
To evaluate effect of this variation, it is necessary to know what the natural 
discharge would have been. Since the outflow of the St. Marys river had been 
modified by various works prior to its first discharge measurements, in 1896, 
its original discharge can be inferred only. For this reason the regulated 
discharges were compared with the discharge that would have taken place 
under conditions existing in 1902, prior to the completion and operation’ of the 
control gates, when the discharge relation was well established. On this basis 
of comparison, it is found that during the first period of operation of the regu- 
lation works, until 1917, an excess of water was discharged, with the conse- 
quence that the levels of lake Superior were lowered, and those of the lower 
lakes raised. From 1917 to 1922 water was generally held back in lake Superior, 
with the consequence that its levels were raised, and those of the lower lakes 
made lower than would otherwise have occurred. From 1923 to date the release 
has been again above normal, with the consequence that, by January of 1926, 
lakes Michigan-Huron were 3 inches, lake Erie 14 inches, and lake Ontario 1 
inch above what they would have been without the regulation of lake Superior. 


26. The results are set forth in the following tabulation, and graphically 
on plate 1, appendix B.. 


TABLE 8—EFFECT OF PREP ENE Bes ee OF LAKE SUPERIOR, 
1914-192 


Lake Superior Lake Mich.-Huron Lake Erie Lake Ontario 
Changes due to 
regulation Amount Date Amount Date Amount Date Amount Date 
Maximum Stage 
with regulation. .| 603-81 |Sept., 1916) 581 92 |June, 1918] 573-85 |July, 1917} 247-95 |June, 1919 
Maximum Stage 
without Regula- 
tion.............| 604-18 JOct., 1916} 581-80 |July, 1918) 573-79 |June, 1919] 247-84 |July, 1919 
Minimum Stage 
with Regulation.| 600-74 |Mar., 1925) 577-61 |Dec., 1925) 570-39 |Dec., 1925] 244-22 |Jan., _ 1925 
Minimum Stage 
without Regula- 
tion.............| 600-51 |April, 1924) 577-41 |Dec., 1925] 570-29 |Dec., 1925) 244-26 |Nov., 1925 
Maximum Increase 
in Stage (ft.).... 0:85 |Dec., 1922}, 0-37 |July, 1917) 0-25 |Sept., 1917} 0-24 jJJan., 1918 
Maximum 
Decrease in 
Stage (ft.)....... 0-81 |July peti 0-38 |Nov., 1922) 0-26 |Dec., 1922) 0-25 |April, 1923 
Aug. 
Maximum Increase 
in Discharge 
(SCHED AML 25,000 |Aug., 1920) 6,390 |June 1917} 5,420 |Sept., 1917} 4,970 jJJan., 1918 
Maximum De- 
crease in Dis- ‘ 
charge (Sec. ft.) | 18,000 |Dec., tell 6,530 |Oct., \ 1922} 5,630 |Dec. 1922]\ 5,220 |April., 1923 
Aug., 1919 OV. Jan., 1923 
July, 19211) 
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OUTLET ENLARGEMENTS AND DIVERSIONS 
LAKES MICHIGAN-HURON 


27. Description. The outlet of lakes Michigan-Huron is through the St. 
Clair river, lake St. Clair, and the Detroit river, into lake Erie. The total fall 
from lake Huron to lake Erie averages about 8.5 feet, of which 5.5 feet takes 
place in the St. Clair river and 3.0 feet in the Detroit river. 

28. The St. Clair river is approximately 40 miles in length. At the entrance 
from lake Huron, the river is contracted in a deep and narrow channel known as 
the Port Huron rapids through which the mean velocity reaches to from 5 to 
6 feet per second. The fall through this section is somewhat less than 1 foot 
in a.distance of two miles. The river then flows for 25 miles with a mean 
depth of about 30 feet, a mean velocity of about 24 feet per second, and with 
a slope of 0.15 feet to the mile. | It then divides and enters lake St. Clair 
through several delta channels, the one improved for navigation being 13 
miles in length. The fall through the delta section of the river is about one 
foot. The bed and banks of the St. Clair river are generally sand and gravel. 
It has no controlling rock sill. 

29. The Detroit river is about 31 miles in length. Through the upper 13 
miles the river is a deep slow flowing stream. The lower part of the river is 
wide, split by islands, and is crossed by a wide sill of ledge rock. 

30. Both the St. Clair and the Detroit rivers are subject to ice gorging in 
winter, which reduces the flow by varying amounts, not unfrequently to one 
half of the summer flow for the same stage and fall. 


31. DiscHarGe FormMu.A, St. Cuatr-Derroir Rivers. The discharge from 
lake Huron, during the ice free months, with the present regimen of the. rivers, 
is given by the following formula, derived from recent studies made by the 
United States Lake Survey of all discharge measurements. 

(1) Q=87.98 [ (HB—554.25)+0.8 (Cl—554.25)]1-8 (HB—Cl)°-5 

Where Q=discharge in cubic feet per second, 
HB=elevation Lake Huron (Harbor Beach gage). 
Cl=elevation lake Erie (Cleveland gage). 


32. Errect oF A DiveRSION FROM LAKE MicuicANn. A diversion from lake 
Michigan or Huron will eventually lower the levels of these lakes sufficiently 
to reduce the discharge capacity of the St. Clair-Detroit rivers by the amount 
of the diversion. The effect of such a diversion, if the diversion is small in 
comparison with the total flow of the rivers, can be derived directly from the 
discharge equation and: is— 

(2) AH=D (Q/2F+Q/R) +Ah (R—1.6F)/(R+2F) 

AH=effect of diversion on lake Huron, 
D is the amount of the diversion. 
F=fall, HB—Cl. 
R= .556(HB—554.25) + .444(C1—554.25) 
Ah=effect of diversion on lake Erie as determined by regimen of 
Niagara river. (Par. 59). 


33. From equation (2) it is apparent that the effect of a given diversion 
from lake Michigan on the levels of lakes Michigan and Huron depends on the 
elevation of these lakes and of lake Erie. Three representative levels are as 
follows:— 


akes Lake 
Michigan-Huron Erie 
Low levels.. .. on 578.0 570.25 


Moan levelpee™ so oo een em ae AL hls 581.0 SP) IS 
High levels.ces <6. do Ce eee ee ae eee 582.6 573.8 
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34. The computed effect of the authorized diversion of 8,500 cfs. from 
lake Michigan by the Chicago Sanitary District (par. 59-62 of Report) is then 
as follows:— 


JAsts Tow levelaths 2s PAC RNs URES Sr Pen ER LAP OY BO 2 ee 0.56 foot 
Atbanean levels vatits. (ie SHOUTS ee. Ae Bae ere 0.49 foot 
Atwhioh Jevelss to) a. 7 Bish ave 0.45 foot 


It will be noted that the influence of the lake elevations on the effect of 
the diversion is not great. The precise effects computed would be realized only 
if the lakes remained constantly at the respective elevations and in an ice free 
condition for several years. The levels taken as low lake levels have not 
extended over a sufficiently long period of time to exercise their full influence 
on the effect of the diversion. The greatest refinement regarded as justifiable 
is that the effect of a diversion of 8,500 cfs. from lake Michigan is to lower 
lakes Michigan and Huron by 0.5 foot, or 6 inches. 


35. The actual effect of the present diversion of the Chicago Sanitary 
District on the levels of lakes Michigan-Huron is subject to the uncertainty 
as to extent to which this effect is modified by the winter ice gorging of the 
river. When the outflow is diminished by ice gorging, a given lowering of the 
levels of lake Huron probably diminishes the discharge capacity of the river 
by a less amount than under ice free conditions. The lowering of the levels of 
lake Michigan and Huron required to reduce the average annual discharge 
capacity of the river by the amount of a given diversion should therefore be 
somewhat greater than the amount computed for continuous ice free conditions. 
A reasonable procedure is to take the value of Q in formula (2) par. 32, as the 
average annual flow, as determined by the best evidence as to winter retarda- 
tion. On this basis, the computed effect of the total reported diversion, during 
each of the past five years, if continued indefinately at the mean lake levels of 
those years, would be as follows:— 


Estimate Computed 
Amount average Average elevation effect 
Year of discharge |———@-_——______—_ of 
diversion | from Lake Huron Erie diversion 
uron (feet) 
CARR een ee Soe TREN Se ES STUY SR ME | 8,355 175,900 580-03 572-30 0-54 
IRE Alon aches uit Meas er slemeas ule aeons Briar Ot Sc 8, 858 175,500 579-89 572-00 0:57 
JOQSNT SAE RL, SOE Aceh Ew hE. 8,348 169, 600 579-28 571-41 0-54 
NOD aie chs Bet see Sec octet eve tel aie, ae reer! 9,465 163,900 579-02 571-68 0-62 
LOA pa ic aE ae nD Re as aes ak or ahs. 5 aed 8,277 153,800 578-14 570-87 0-56 
ASV OTAQC 25, Cais caletete taba tarta rerave|| rertracs austere are tei|(2/ave dave le: ee oll aaoie eee ate lear e 0-566 


The estimated present effect of the actual diversion is therefor 0.56 feet. 


36. These results are greater than those found in earlier studies, first because 
they are based on lower lake levels, and second because recent low-water dis- 
charge measurements have afforded better data on the relation between the 
discharge of the St. Clair-Detroit rivers, their stages, and fall. 


37. Buack River Diversion. There is a minor diversion of water from 
lake Huron through a small canal into the Black river, which discharges into 
the St. Clair river at Port Huron. The diversion is for flushing sewage out of 
the river. It was authorized by the United States by a permit issued by the 
Secretary of War, May 14, 1901. A current-meter measurement made in 1926 
showed a discharge of 150 cfs., and the capacity of the canal is insufficient to 
carry a materially greater amount. The effect of this diversion on the levels 
of lakes Huron and Michigan is inappreciable. 
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38. Errect or Diversions From Lake Erie on Levers or MiIcHIGAN- 
Huron. The back-water effect of the diversions from lake Erie on the levels 
of lakes Huron and Michigan is given by the formula:— 


A H=Ah(R—1.6F) /(R+2F) 
where AH is the effect on lake Huron-Michigan, 
Ah is the effect on lake Erie. 
R and F are as indicated in par. 32. 


Within the ranges of levels normally occurring, the effect on lakes Huron- 
Michigan varies generally between 22 per cent and 27 per cent of the effect on 
lake Erie. At the average levels obtaining during the last 5 years, the per- 
centage is 25.6. The effect of the authorized diversions through the Welland 
Canal (par. 52) on the levels of lakes Michigan-Huron is therefore 0.025 foot, 
_ or approximately 4+ inch. The effect of all present diversions from lake Erie 
(par. 53) is approximately 0.05 foot, which may be increased to 0.07 foot after 
the new Welland ship canal is opened. 


39. CHANGES IN DISCHARGE Capacity or St. Cuan River. The bed of 
the St. Clair river is not inherently stable, and an unchanging regimen of the 
river cannot be taken for granted. Systematic discharge measurements of the 
river were not begun until 1899. Changes prior to 1899 can only be inferred. 


40. As explained hereafter (par. 77 to 79) the derivations of the discharges 
from lake Huron made for the purpose of determining the supply factors during 
these early years, disclosed an apparent increase between 1890 and 1900 in 
the discharge capacity of the St. Clair river relative to the Detroit river. Since 
the discharge capacity of the Detroit river cannot well have decreased during 
this period, it must be assumed that the discharge capacity of the St. Clair 
increased. This increase in discharge capacity is represented by the two equa- 
tions :— 

(3) Prior to 1890; Q=100 { (H—552).84) +0-6(h—552.84)]1-8(H-h) 9-5 

(4) 1895 to 1900; Q=—100 [ (H—552-12) +0.6(h—552.12) ] 1-8(H-h) 9-5 

Where H is the elevation of Lake Huron (Harbour Beach gage); h is 
the elevation of Lake St. Clair (St. Clair Flats gage). 


It is found that, at representative elevations in the vicinity of 575-75 on Lake 
St. Clair and 581-0 on Lake Huron, the second of these equations will give the 
same values of Q as the first, if the value of H is decreased by from 0-3 to 0-4 
feet. The two equations represent therefore an increase in discharge capacity 
equivalent to between 0-3 and 0-4 feet of stage on Lake Huron during the 
period. 

41. The deduction just made is open to the doubt as to stability of the St. 
Clair gage during the period, since precise level lines on the delta of the St. 
Clair run subsequently to 1900 show progressive subsidence of bench marks in 
the locality. A reasonable assumption as to the rate of settlement prior to 1900 
is in itself sufficient to explain the apparent increase in the discharge capacity 
of the St. Clair River above inferred. On the other hand, if an increase in the 
discharge capacity of the Detroit River occurred during the period, the increase 
in the discharge capacity of the St. Clair would be greater than was deduced 
in the preceding paragraph. 

42. The changes in the discharge capacity subsequent to 1900 are dis- 
cussed at some length in the body of the report where they are found to be 
equivalent to a decrease of 0-3 feet in the stages of Lake Huron, The changes 

45827—6 
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in terms of changes in stage on Lake Huron are derived from the changes in 
the constants of the discharge formula given in paragraph 77, in the same man- 
ner as indicated in paragraph 40. 

The computations of the Canadian Section, based on data largely supplied 
by the United States Lake Survey, indicate 0-61 feet of lowering of stage of 
Lake Huron due to channel enlargement between the years 1899 and 1925. 
The computations of the Canadian Section show that 0.29 feet of this change in 
stage can be explained by channel enlargement in the Port Huron rapids, 
opposite Point Edward. 


DIVERSIONS, LAKE ERIE 


43. Drscription.—The outlet of lake Erie is the Niagara river. A broad 
sill of ledge rock extends across the entrance to the river from the lake. Below 
the rapids, formed by this sill, there is a reach of quietly flowing river, which 
terminates in the rapids just above Niagara Falls. Diversions upstream from 
the latter rapids have some effect on the levels of Lake Erie. 

44. The diversion of the Chicago Sanitary District reduces the supply of 
Lake Erie by exactly the amount of this diversion, and lowers the lake levels 
correspondingly. Other diversions affecting the levels of Lake Erie are made 
through: 

The Welland Canal, 
The Black Rock Canal. 

45. The following diversions for power purposes have been authorized on 
the Welland Canal by the Department of Railways and Canals of the Domin- 
ion of Canada:— 

Hamilton Cataract Power, Light and Traction Co., leases totalling.. 1,010 efs 
50 8 


Corporahionvoleta Catharines. Aelint Srl oe were mie emirate 
Provincialeraper. Ville. tShdeeen vce tec: smd Clem tren cate ae ane es LOOM 


Totals scope mote ee eee gid ch Gree ern? Ome 
All of these diversions discharge into lake Ontario. In addition, diversions 
aggregating 260 cfs. have been authorized from the Welland Canal to the Wel- 
land river, which enters the Niagara river at the foot of the Grass Island pool. 
About 10 per cent of the effect of this diversion on Lake Erie levels is thereby 
restored. 

46. The actual total flow from lake Erie into the present Welland Canal, 
for both power and navigation purposes, as determined by random discharge 
measuren:ents made by the Department of Railways and Canals in 1922, 1928, 
and 1924, is approximately 3,400 cfs. during the navigation season and 2,500 
cfs. during the remainder of the year, an average throughout the year of 3,100 
cfs. 

47. The new Welland Ship canal for deep-draught vessels is so designed 
that a flow of 6,000 cfs. can be drawn from lake Erie without interfering with 
its use by shipping. The Chief Engineer, Department of Railways and Canals, 
authorizes the statement that the diversion through the new Welland Ship Canal, 
including both the water required for lockage and that for power purposes, will 
not exceed 5,000 cfs. 

48. The Black Rock canal is a navigation canal alongside the upper part 
of the Niagara river. It is operated by the United States Government to carry 
navigation past the rapids at the head of the river to the industries on the river 
below them, and to the entrance of the present New York State Barge canal at 
Tonawanda. The diversion from Lake Erie through this canal is approximately 
1,000 cfs., much of which finds its way into the Niagara river through the river 
wall of the canal. The remainder is discharged into the Niagara river at the 
lock at the toot of the canal. 
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49. The New York State Barge canal diverts a flow estimated at 1,500 cfs. 
from the Niagara river at Tonawanda, the water being eventually discharged 
into lake Ontario. Of this total a flow of 275 cubic feet per second is classified 
as for power purposes. The effect of this diversion on the levels of lake Erie 
is negligible. 

50. Power companies in the United States and Canada divert considerable 
quantities of water from the river upstream from the rapids at the heads of the 
Falls; under the treaty of 1909. These diversions have been compensated for, 
at least to a considerable degree, by intake structures and the deposit of dredged 
material. The remaining effect on the levels of Lake Erie is negligible. (See 
page 381, Report on Diversion of Water from the Great Lakes and Niagara 
River, 1921.) 


51. Errect or Diversions. The discharge formula for the Niagara River 
is: 
Q=3904 (H—- 558-37) 1-8 
Where H is the elevation of Lake Erie on the Buffalo gage. 
From this formula it is easily shown that the rate of increase in the discharge 


capacity of the Niagara river per foot rise of Lake Erie, commonly called the 
increment for the Niagara river, is as follows:— 


Atilakemelevabione) /scoM lowmleviecllime.s we das tac as ee es 20,190) cfg 
Ate lakewelevations.5/ 22pm (meanelevel!) ane msijtniclt. cu eck tvertes: cease 22,000) * 
At lakeveleyation ov owen (nigh level):.) cs. 9. sss. cer sc om ce «5 20,000 “ 


52. The authorized diversions have the following effect on the levels of 
Lake Erie:— 


Effect in feet at 


Jaya oy a RS oa lg 
ee of Low level | Mean level | High level 
diversion (elev. (elev. elev. 
570-25) 572-5) 573-8) 
Chicago Sanitary, Disbvictia.«, shy aeieiloieielelelaorsiqe Mites 8,500 0-42 0-39 0-37 
Power leases on Welland Canal............c.00s.00--> 2,050 0-10 0-09 0-09 
Dota? pats Mh. ccGx ss eee Tere es | OT oe eae 0-52 0-48 0-46 


53. The actual present diversions have the following effects on Lake Erie: — 


Chicago -panitary | Districtulomeo0 Cis) de. caceciva cis to ticele Poin tae 0 Poets 41 
Wrellande Canal 1(3st0O)\ ete ce Bsus es. Geico hele u’siel oo susie my nenpun ls a5 
Iplackp Rocke Canales. Remedi uit ire cele ten culecrs tetas An: Lh ae Ge 04 

ERO Callers ter ates <o Surc ist =a! Stkato 02 so) uso AS tustns .60 


The increased diversion required for the operation of the new Welland Ship 
canal is expected to bring the total to 0.68 foot. 


EFFECT OF DIVERSIONS LAKE ONTARIO 


54. Description.—The outlet to lake Ontario is the St. Lawrence river, 
the control section of which is the limestone ledge forming: the sill of the Galop 
rapids. The Galop canal, for 14-foot navigation, lies along the river bank at 
these rapids. 

458276} 
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55. The levels of lake Ontario have been affected by the diversion of the 
Chicago Sanitary District, by diversions for power and navigation through the 
Galop canal, and by a contraction of the Galop rapids known as the Gut Dam. 
The diversions authorized by license from the Galop canal amount to 988 cfs. 


56. Errecr or Diverstons.—The formula developed by the United States 
Lake Survey for the flow into the St. Lawrence river is as follows:— 
Q=3428 (H—229 .13) 1-5 


Where H is the elevation of lake Ontario (Oswego gage). The increment 
for the St. Lawrence has the following values:— 


Cfs. 
Atulakereievation 244 rom (low leviel)ine ir miatelctetec eis ete cere aalenreee artes 20,160 
At Jakeselevation246-0Mi(mean level)) ae cvacisseciecssci sieiorieiiateeisteren ieee 21,120 
Atlakeveleyvatiom 247.5. (high levell)itee ca sccsla ne cite store ee etait nate 22,040 


The computed back-water effect of the small diversion at the Galop is 75 
per cent of the effect 1f made directly from lake Ontario. 


57. The effect of authorized diversions on the levels of lake Ontario is 
therefore as follows:— 


Effect in feet at 


Amott © |_——-— 
— of Low level | Mean level | High level 
diversion (elev. (elev. (elev. 
244-5) 246-0) 247-5) 
Citicago Saintary Districts 4ece tanec eee ee eee 8,500 0-42 0-40 0-39 
Galop: Gang tas AUS ES oR ete ee aon MP. es ect e ev RE 988 0-04 0-03 0-03 
DL BOTHTEY on crreyes ar cpraren hb AunIOAD A Stan Tomls BaReRti Oe Mil eres Abe 0:46 0-43 0-42 


58. As explained in the body of the report the Gut Dam in the Galop 
rapids has raised the levels of lake Ontario by somewhat more than 0.4 feet. 


SUMMARY 


59. The results are summarized as follows:— 


Arnona Effect, in feet, on levels of Lakes 
oO i Se ee es eee 


Cause diversion, | Michigan 
; cubic feet and Erie Ontario 
per second Huron 
Authorized diversions— 
ChicavonsanitarveD 1stricte yy yoann ae ree 8,500 —0:°5 —0:4 —0-4 
Power diversions, Welland Canal....:.............. 2,050 —0-025 —0-1 0 
All present diversions and outlet changes— 
Chicago: Sanitary District wes aatpre ee eee 8, 660 —0:5 —0-4 —0-4 
WellandiCanal io he pein ee Ain Le ea ee 3,100 —0-04 —0-15 0 
Black’ Rocki@analevrane.cee mee meee oti eee tare 1,000 —0-01 —0-05 0 
Changes in St. Clair River outlet— 
Gravel dredging 5 PUseb in eh ioe A okie. meee tobi tet. te oes = (Ve Siam [prey cweterivetat role c || Sve ns snoteeterareks 
Other Changes eee hee eee een a eh ate at ey ae OV SME Rar aa seat me, Le acee mes 
GutsDam:.: Ae b58k Taek ee dee de a ee sere i LSAT te i fee me | +0:°5 
‘Total. -tcfucet4 eee fa, eae Be asta Bose 1324)! Th =1-15 | *=0-6 +0-1 


*Upon the opening of the new Welland Ship Canal the lowering of the level of Lake Erie will be in- 
creased to 0-7 foot. 
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IMPROVEMENT OF LAKE LEVELS AND OUTFLOWS 


60. CompEensatina Works.—As explained in the body of the report, the 
levels of the lakes can be raised by fixed contractions in their outlet rivers. 
Such works will raise the high levels substantially as much as the low levels. 
If the high levels of the lake are not to be increased, the works must therefore 
be only sufficient to correct the effect of existing diversions and outlet enlarge- 
ments. They are therefore termed compensating works. After the lake levels 
have adjusted themselves to the new regimen of the outlet, the outflow from 
ine ne he be substantially the same after as before compensating works have 

een built. 


61. ReeuLtatina WorKs.—Regulating works are essentially dams with sluice 
gates constructed in the outlets to the lakes, so as to control the outflows and 
hence the lake levels. 


62. Score or INvEstTicaTIons.—Regulating works are already in operation 
in the St. Mary’s river at the outlet to lake Superior. The regulation of lake 
Ontario is an inherent part of the plans for the improvement of the St. Lawrence 
proposed in the report. The present investigation is therefore limited to deter- 
mining— 

(a) The benefits and cost of a comprehensive system of lake regulation 

with works at the outlets of lake Michigan-Huron and of lake Erie. 

(6) The benefits and cost of compensating works at these outlets. 

(c) A suitable program for the regulation of lake Ontario alone. 


63. Prior Proposats.—In 1900, the Board on Deep Waterways, in presenting 
plans and estimates for securing deep draft navigation from the Great Lakes to 
New York harbour (House Dec. 149, 56th Congress, 2d Session) included regulat- 
ing works at the head of the Niagara river which were designed to hold lake Erie 
to a substantially uniform level at elevation 574.7. This proposal was reviewed 
by the International Waterways Commission, a joint board of Canadian and 
American engineers, who submitted a report in 1910 (Sessional Paper No. 19a, 
3 George V, p. 775 et seq; and H. Doc. 779, 61st Cong. 2d Sess.), after an 
elaborate study extending over several years. This report pointed out that, on 
account of the irregularity of supply to the lake, it was impossible to hold 
lake Erie to a fixed level; but that it would be held by regulating works between 
the limits of 572.0 and 574.5; thereby raising the low water levels by 1.4 feet 
without increasing the high water levels. Such regulation would, however, have 
increased the fluctuations in lake Ontario and reduced the extreme recorded 
water level of that lake by 4 inches, with consequent reduction in the extreme 
low open-river discharge of the St. Lawrence. The Board recommended that 
the regulation of lake Erie be not undertaken, but in a supplementary report 
recommended the construction of compensating works in the Niagara river 
about a mile and a half above the rapids at the head of the falls, so designed 
as to raise the low levels of lake Erie by 0.45 foot, and the high levels by 0.38 
foot. 

64. In a comprehensive report on the Diversion of Water from the Great 
Lakes and the Niagara River, made by Col. J. G. Warren in 1919 in accord- 
ance with a resolution of the Congress of the United States, it was recommended 
that compensating works consisting of submerged rock sills be placed in the 
Niagara and St. Clair rivers to correct the results of existing diversion. In the 
review of this report by the Board of Engineers for Rivers and Harbours, pref- 
erence was expressed for regulation works in lieu of compensating works at the 
outlet of lake Erie. 
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65. Finally, an Engineering Board of Review engaged by the Sanitary Dis- 
trict of Chicago has presented a scheme for the regulation of the Lakes as a 
whole. The works proposed include a dam with gates at the foot of the Grass 
Island Pool in the Niagara River, for the regulation of the outflow from Lake 
Erie; and a dam with gates and locks in the St. Clair River, for the regulation 
of the outflow from Lakes Michigan-Huron. By the operation of these works, 
together with the operation of existing works at the outlet of Lake Superior, 
and of works in the St. Lawrence built in connection with the improvement of 
that.river for navigation and power, it was proposed to hold the levels of the 
lakes normally between the limits shown in the subjoined tabulation. The 
actual maximum and minimum levels occurring since 1860 are placed in a 
parallel column for comparison. 


4 Normal regu- 

lated range Actual 

Lakes proposed by range of 

Hngineers stage 

for Sanitary since 1860 

District 

Superior: Me) LAL ae eased we ual alsy clly eee ae Aken, Hremrees (an O02 G0 4eromn RO OOM Oe Ocean 
MGW chee nord aloha ey mee eNO doe Od ao Oe om oi old 581-—583.5 | 577.5—583.7 
1D) GIAO S ios Ae Pree BES Arie iid am eR Ape ELA ht Fay Ake erie Cerin ae ark 578—574.5 | 570:4-574.5 
Orakehkes MET a le AMO Rae SOME Behe WBN Cie S ae en eeu Rnncs ee 246-248 .5 | 243.4248 .95 


66. The report recognizes that the lakes could not be held within the limits 
stated during periods of extreme rainfall. At such times they would rise above 
the limits fixed; but it was computed that no period of high rainfall that has 
occurred subsequent to 1860 would raise the levels above the high-water datum 
of 1838. It apparently was not recognized that with the lakes normally held 
at such high levels, the rainfall which produced the high water of 1838 would 
raise the lakes above the level it then had. The report indicates, however, that 
the regulated levels to be finally chosen should be based on further investiga- 
tion of the damages that might be caused thereby. The discharge of the Niagara 
river was to be kept normally between 180,000 and 200,000 cfs. with discharges 
of 250,000 cfs. at times of high rainfall. The monthly mean discharge of the 
Niagara river proper has varied between the limits of 162,000 cfs. and 253,000 
cfs. 

67. CoMPARISON OF BENEFITS FROM RPGULATION AND COMPENSATION. It 
will be noted that prior proposals for the construction of compensating works 
have been limited to correcting the effects of existing diversions, so that the 
high levels of the lake would not be raised above the levels that would occur 
without these diversions. Obviously, riparian interests on the Great Lakes 
would be injured to exactly the same extent by high levels created by regulating 
works, as by the same high levels created by compensating works. | The benefits 
to be derived from regulating works in comparison with compensating works 
must be evaluated therefore by considering the reduction in the fluctuation of 
lake levels, together with the improvement of outflows, that can be secured 
through the operation of these works, since the reduction in fluctuation measures 
the amount by which the low levels of the lake can be raised without increasing 
the high levels. 

68. PossiptLities or RrGu.aTIoN InpicareD By Mass Curve. On Plate 2, 
Appendix B, is shown a mass curve of the supply to the Great Lakes, from 1860 
to 1925, under the supposition that a diversion of 8,500 cfs. were made from the 
lake basin during the entire period. From this diagram it can be seen that 
provided there were no limitation on the maximum discharge on the St. Law- 
rence or of the interlake rivers the following results could be obtained by a 
complete system of regulation:— 
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With a fluctuation of 5-75 feet on all the lakes a uniform discharge of 
233,000 cfs. could be maintained. 

With a fluctuation of 4-0 feet on all the lakes a minimum discharge of 
230,000 cfs. could be maintained. 

With a fluctuation of 3-0 feet: on all the lakes, a minimum discharge of 
220,000 cfs. could be maintained. | 

With a fluctuation of 2:3 feet a minimum discharge of 210,000 cubic feet 
per second could be maintained. 

With a fluctuation of 2-0 feet a minimum discharge of 200,000 cubic feet 
per second could be maintained. 


69. The actual fluctuations of the several lakes during the period is given 
in paragraph 15. But it has been shown that lakes Michigan and Huron were 
lowered by diversions and outlet enlargements of 1-15 feet during the period 
between the recorded high and recorded low waters; and Lake Erie by 0-6 feet 
during this period. Correcting the fluctuations by these amounts, and weighting 
the fluctuations of the individual lakes by their areas, it is found that the 
weighted average fluctuation of all the lakes, exclusive of the increased fluctua- 
tions to progressive diversions and enlargements, is 4-3 feet. The apparent 
possibilities of regulation, except as limited by the discharge capacities of the 
several outlets is therefore as follows: 


The low water levels could be raised by 2-3 feet and a minimum discharge 
of 200,000 cfs. maintained. 

The low water levels could be raised by 2-0 feet and a minimum discharge 
of 210,000 cfs. maintained. 

The low water levels could be raised by 1-3 feet and a minimum discharge 
of 220,000 cfs. maintained. 

A minimum discharge of 230,000 cfs. could be maintained without raising 
the present high levels or lowering the present low levels. 


70. The results given in the preceding paragraph are impossible of attain- 
ment on account of the limitations of outlet discharge. Thus, to main- 
tain a discharge of 220,000 cfs with a fluctuation of 3 feet in the lake levels it 
would be necessary throughout the years 1920 and 1921 to limit the discharge 
to that figure. In the early months of these years the lakes would have been 
within 1.2 feet of their maximum levels. But if the lakes had been allowed to: 
rise to within 1.2 feet of their maximum levels during the early months of 1912 
or of 1913, then a subsequent average yearly discharge of 300,000 cfs down the 
St. Lawrence would not have kept the levels within the maximum. Having 
regard to winter limitations of discharge capacity, an average yearly discharge 
of 300,000 down the St. Lawrence is regarded as excessive rather than practic- 
able. It would have been impossible to foretell in the spring of 1920 that a 
period of 6 years of deficient supply would occur, or prior to 1912 that a period 
of two years of excess supply would occur, and without this foreknowledge the 
apparent results derivable from regulation could not be achieved with the 
limited discharge capacity of the St. Lawrence. Physical limitations on the 
discharge capacity of the Niagara, St. Clair-Detroit and St. Marys rivers simi- 
larly curtail the results indicated by a study of a general mass curve. 


71. Deramtep Srvupies or Lakn Recounation. To determine the true possi- 
bilities of lake regulation, it is necessary to work cut in detail the results that 
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would be secured by the best programs of regulating the discharges of the lakes, 
had such programs been in effect in the past. The data required for that pur- 
pose include— 

(a) The supplies to each lake from 1860 to 1925. 

(6) The permissible high water levels of each lake. 


(c) The maximum and minimum outflows of each outlet river physically 
practicable or permissible. 


SUPPLIES TO THE LAKES 


72. GpneraL Aspects. The total net supply to a lake for any month is 
the outflow corrected for the gain or loss of storage in the lake. The local 
supply is the total supply less the inflow from the lake above. 

73. On account of the oscillation of the lake surfaces, the gage records on 
any day do not give the true lake level for that day. For purposes of deter-. 
mining the monthly gain or loss of storage in a lake, the elevation of the lake 
at the first of each month is taken as the mean of the monthly mean levels of 
the given and preceding months, 


74. The reliability of the determinations of total and local. net supply 
depends upon the reliability of the computations of the monthly discharge. 
Systematic discharge measurements of the outilow from the various lakes were 
not begun before the late 90’s. The earlier discharges must be based on an 
estimate of prior changes in the gage-discnarge relation due to changes in the 
discharge capacity of the river. 


75. LAkE Superior. The discharges of the St. Mary’s river and the 
monthly supplies to lake Superior from 1860 to 1907 were computed by the 
International Waterways Commission from measurements made between 1896 
and 1902, and by a detailed analysis of the prior changes in the outlet capacity 
of the river (par. 25 to 58, and tables 19 and 24, of Appendix to Report of 
Jan. 8, 1910). These were reviewed and extended to 1909 by Messrs. Noble and 
Woodward, Consulting Engineers, in an unpublished report dated June 29, 1912, 
to the Michigan Lake Superior Power Company, which was used as a basis for 
the present regulation of lake Superior. Slight modifications were made in the 
prior determinations on account of later data regarding the capacity of the side 
channels at the control section of the river. The determinations of Messrs 
Noble and Woodward are used in the present report and are extended to 1925, 
inclusive, from the records of discharge through the power canals, navigation 
canals, and in the river, which are maintained by the United States Engineer 
Office at Detroit in connection with the operation of the navigation works at 
St. Mary’s Falls, and the supervision, on the part of the United States, over the 
control works. The supply to lake Superior is given in table 1 of this appendix, 
and the discharge of the St. Mary’s river in table 9. 


76. Lakes MicuiaaAn-Htron. The discharge out of lake Huron through 
the St. Clair river, lake St. Clair, and the Detroit river depends upon the eleva- 
tions of both lake Huron and lake Erie. The discharge measurements, which 
commenced in 1899, show that changes in the discharge capacity, have occurred 
subsequent to 1899, and gage reccrds prior to that date indicate some instability 
in the regimen of the outlet. (See par. 39 to 42.) 

77. The United States Lake. Survey has made an extended study of the 
present and past discharges from lake Huron. This study is not yet completed, 
but has progressed sufficiently to warrant the modification of prior determina- 
tions. 
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The discharge formula for the St. Clair river while ice free, as developed 
from this study, is:— 
(1) Q=100 [(H—B)+0.6(h—B) ]1-8(H—h) 9:5 
Where Q:=discharge in cubic feet per second, 
=elevation of Lake Huron (Harbour Beach gage). 
h=elevation Lake St. Clair (St. Clair Flats gage). 
B= is a constant. 


The values of B as derived from the discharge measurements are as follows:— 


ERG ARI. = O00 e, ee Ae en RP Te area t ae Veen ch cent te are, ee DO Dn 
Aucusts1000stto Decemben® T90SMyaue ote, tiebien aos ihs nels. 552.38 
VanwaTy, 00s tom Decemp ene WOOO. end cen hice MLO. Gyn Urees Ul 052.02 
JAnUSLY se tO LO eto Decenlerewel OMe Gae ety cya antes co. veuinii pis a Les Le ok oer 551.96 
January LOzsi sto) Wecemberst O25 tatu. dle stieail set. 21 eck Riedie tee 551.58 


No meter measurements were taken between 1911 and 1923. 


78. The corresponding relation between the flow and the elevations of Lake 
St. Clair (St. Clair Flats gage) and Lake Erie (Cleveland gage) is 


(2) Q=597.6 [0.5 (h—555.60) +-0 .5(C—555.60) ] 1-8 (h—c) 9-5 , 
where h is elevation on St. Clair Flats gage and 
C is elevation on Cleveland gage. 


This relation is not applicable to the period between 1907 and 1912, when the 
regimen of the Detroit river was modified by the cofferdams of the Livingstone 
channel. 


79. The formula for the flow prior to 1899 (ice-free months) is based on 
the assumption that there was no change in the regimen of the Detroit river. 
The values of the constant B in equation (1) corresponding to the flows derived 
from equation (2) are as follows:— 


TL SCOMtOMIUS OS OMe err. t op oer etnrs Es anVoncbiat srt Rhae thou mia'oih tua Pocetione” are 552.84 - 
TIDE HO) ASA ieee late (bi (6 dB Un! SiGe tae Mee nies ret cee, 552.48 
USODMEOMUSOOL son sie Nei cuter etc ie sae nits chemi wars itis, ec e OTE ate 552.12 


Equation (1) was used to determine the flow during the ice-free months except 
during the period 1912 to 1922, in which equation (2) was used. 

80. For the period prior.to the establishment of the Harbour Beach gage, in 
1875, the Milwaukee gage was substituted therefor. The early elevations of 
the St. Clair Flats gage are the computed elevations published in the Annual 
Report of the Chief of Engineers for 1904. 

81. To determine the discharge during the winter months, similar formulas 
were derived for each pair of consecutive gages for which records are available, 
the discharge for the winter months computed from every such pair, and the 
minimum discharge so determined was taken as the winter discharge on the 
assumption that in at least one of the reaches approximate open-water regimen 
would exist. For the period subsequent to 1900, such records are available 
through reaches with minimum ice retardation, and the determinations are 
regarded as fair. Prior to 1899, the records of only three gages are available, 
lake Huron, lake St. Clair, and lake Erie, so that when, as was often if not 
generally the case, the flow of both the St. Clair and the Detroit rivers was 
retarded by ice, the computed flows for the winter months are much in excess 
of those that actually occurred. 

82. The warning must therefore be given that the winter discharge under 
natural conditions prior to 1899, shown in table 10, are too large, that the 
supplies to lakes Michigan-Huron during the winter months in tables 2 and 8 
prior to 1899 are too large; and that the supplies to lake Erie during the winter 
months in tables 4 and 5 are too small by the same amounts. A comparison 
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of the average local supplies to lake Erie for January, February and March 
for the period from 1860 to 1900, with the average for the same months during 
the period from 1901 to 1925, shown in table 5, indicates clearly the extent of 
the errors introduced by the lack of data on which to base the effect of ice 
retardation during the earlier period. 
83. The errors introduced by the lack of data on winter retardation in the 
St. Clair-Detroit rivers affect only the distribution of the supply between lake 
Erie and lakes Michigan-Huron. The total supply to the three lakes is not 
affected. In the computations hereinafter described of the effect of programs 
for regulation, it is assumed that the winter discharge through the regulating 
works would be retarded in the same percentage as is the unregulated discharge 
during the month. The error introduced in the computations of regulated outflow 
and lake levels is therefore reduced to the difference between the true and the 
apparent retardation applied to the difference between the regulated and natural 
flow, and is not regarded as of sufficient consequence to alter the conclusions. 
84. For purposes of computing storage, the elevation of lakes Michigan and 
Huron was taken as the mean of the Milwaukee and Harbour Beach gages 
since the establishment of the latter in 1875, and the Milwaukee gage previously. 
85. Lake Erte. Successive meterings have shown no change in the dis- 
charge capacity of the Niagara river, and the outflow from lake Erie was derived 
from the formula:— 
Q=3904 (H—558.37) 1°° 
in which H is the elevation of lake Erie, as shown by the Cleveland 
gage records from 1860 to 1886, inclusive, and by the Buffalo gage 
records from 1887 to 1925. 
To the discharge so computed the following was added as the estimated flow 
through the diversions via the Welland canal and the head of the Niagara 
river :— 


Prom? 186003 TSS0'24 ah is hee eke a een Ueno ae ee ee 1,000 efs 
VSS tO" OOS s tose hak, cereal renee cee Marga Crean) yoke neh amen ame 20000. 
VQOG TO LAO LO es ea arn she ke wale vase claus Bitcce tome tate 3,400 “ 


LOTT 760 "LOTR PS PEEL) EG SE OTE) SNR ERAN IN Ws) a 
1916)40 1025.0) noadeni. olay ee) SOE. RM Dee Oars 

86. Lake Ontarto. The outflow and supplies, tables 6, 7, and 12, to 
lake Ontario were based on astudy made by Mr. D. W. McLachlan, 
Department of Railways and Canals, Chairman of the Canadian Section of 
the Board. 

87. The storage in lake Ontario has been derived from records of the 
Oswego gage. The discharge values were obtained from gage readings at the 
various locks along the St. Lawrence canals, especially Locks No. 21, 23, 24, 
and 25. A deduction of 6 per cent has been made for ice retardation in all 
values derived for January, February, and March except those obtained from 
records of gage readings at Lock No. 27. For the latter an extra deduction of 
6,000 cfs was made for these months. 

88. The discharge ratings for the various lock gages were revised in March, 
1926, and are based on measurements of the United States Lake Survey made 
in 1908, 1911, 1913 and 1914, and of the Canadian Department of Railways 
and Canals in 1923, 1924, and 1925 

89. CoRRECTION ror Curcaco Diversion. The supplies are those which 
would have occurred had a diversion of 8,500 cfs. from lake Michigan taken 
place throughout the period. To this end the total supplies to lakes Michigan- 
Huron, Erie, and Ontario were diminished by 8,500 cfs less the actual diver- 
sions given in par. 13. 
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PERMISSIBLE HIGH LEVELS OF LAKES 


90. An extended investigation to determine how high the various lakes 
might be raised without unwarranted damage to the industries, cities, and 
lands along their shores was made, at the request of the Board, by the District 
Engineers in charge of harbour works on the lakes in Canada and the United 
States. A tabulation of the probable damages reported is given in tables 
13 to 15. A summary of the conclusions reached is given in the fol- 
lowing paragraphs. In this summary it is convenient to use the term “ flood 
level”’ to indicate the level at which material damage begins. 


91. Lake Suprrior. On lake Superior the flood level was fixed at eleva- 
tion 603.6 by the International Joint Commission in 1914, after hearing repre- 
sentatives of cities, towns, and industries on that lake; and the rules for the 
regulation of the lake provide that its level shall be permitted to rise above 
that limit only under such conditions of extraordinary rainfall as would cause 
such a rise without regulation. 


92. In September, 1916, lake Superior had a mean stage of 603.88. At this 
time, basements of a number of warehouses and manufacturing establishments 
along the water front in Duluth were flooded and trouble was experienced in 
the sewer system of Superior, Wis. In reporting on this situation the United 
States District Engineer at Duluth states:— 


I am quite confident that had the monthly mean level of Lake Superior reached its 
maximum of 603.6 during the time that it has been under complete regulation there would 
have been a strong movement from many of the interests about Lake Superi or to have that 
maximum lowered, for there is no doubt that many properties would be seriously affected 
not so much by that actual mean height, but the heights to which it would rise temporarily 
under certain wind and barometric conditions. 


93. From plate 3 it will be seen that lake Superior will reach 603.6 about 
once in twenty years. This curve is based upon the records of the years 1901 
to 1925 inclusive, but the result for this lake is the same if the entire period 
is used. 


94. Laxes MicuicAn-Huron. Some damage would result ‘on lakes 
Michigan-Huron at as low an elevation as 580.5. If the lakes rose above 
581.0 there would be damage to docks, basements, and sewage systems in 
Green Bay, Wis., Alpena, Michigan, and Sarnia, Ont. The power output ot 
the hydro-electric plant at Sault Ste. Marie would be reduced. Damage might 
result in Chicago and vicinity, as many of the sewers are now overloaded and 
flood basements during heavy rains, which flooding would be increased by any 
raising of the lake levels above their outlets. The ground-water levels in the 
city would also be raised, making construction more difficult. At lake levels 
above 581.6, damage would result to jetties of the Chicago district, and from 
sliding of high banks. Damage would result to docks in Sarnia and Port 
Huron, and the operation of docks and elevators of the Canadian National 
Railway at Port Edward and Goderich would be interfered with. Lake levels 
above elevation 582 would interfere with operations of plants at Port Huron 
and of most of the structures between the French and St. Mary’s rivers, also 
with wharves at Alpena, Muskegon, and Green bay. Lake levels above eleva- 
tion 583 would flood basements in downtown Milwaukee and Manitowoc, and 
would cause unwarranted damage at Alpena, Holland, and Muskegon, Mich., 
and Racine, Wis. Levels above elevation 583.5 would flood docks at Alpena 
and Mackinac Island and would interfere with operations of the municipal 
lighting plant at the latter place. Levels above 583.7 would flood docks in 
Port Huron. 
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95. Jn view of the foregoing information, the flood level of these lakes 
should not be placed above 582.2, and under the regulated condition the lakes 
should not exceed this level in height, frequency, or duration to a greater extent 
than in the past. From plate 3 it will be seen that on the basis of the records 
of the last 25 years, a stage of 582.2 would probably be reached once in twenty 
years and has the same probability as the elevation selected for lake Superior. 


96. LAKe Eriz. Some damage would result on lake Erie at elevations 
below 573, principally through erosion on the lake shores. Above 573, the dock 
cf the Detroit and Cleveland Navigation Co. in Detroit and the operation of 
the power plant. of the Cleveland Electric Hluminating Co. would be incon- 
venienced. Lake levels above 573.5 would damage some docks in Detroit, » 
Rondeau, and Pert Stanley. Levels at 574.0 or slightly above would interfere 
with the operations of the Maple Leaf Milling Co. at Port Colborne, Ont., the 
Pittsburgh and Conneaut Dock Co. at Conneaut, Ohio, the Solvay Process Co. 
and the Michigan Central Railroad at Detroit, the unloading plants of the Erie 
Railroad at Cleveland, and the elevators of the Washburn-Crosby Co. at 
Buffalo. They would also damage the works of the Ohio Public Service Co. 
at Lorain, Ohio, interfere with the drainage works of the Bethlehem Steel Co. 
at Lackawanna, and flood the turn-table pit of the Canadian National Rail- 
ways at Dover, and some of the docks of the Detroit Sulphite and Paper Co. at 
Detroit. Lake levels above 574.5 would interfere with operations of the 
Candler Dredge and Dock Co. at Detroit. Lake levels above 575 would inter- 
fere with unloading operations of the Pennsylvania Railroad at Buffalo, Erie, 
Sandusky, Ashtabula, and Cleveland. of the Buffalo Creek Railroad at Buffalo, 
interfere with the operations of the National Tube Co. at Lorain, Ohio, and the 
Commercial Milling Co. at Detroit, flood some docks of the Standard Oil Co. 
and Candler Dredge and Dock Co. at Detroit, and damage the property of the 
Hammermill Paper Company at Erie. 


97. From a consideration of the above information, elevation 573.9 was 
selected as the flood level, which should not be exceeded more frequently than 
in the past. This elevation has the same frequency probability, as shown by 
the records of the past 25 years, as the levels selected for the other lakes. 


98. LAke Ontario. On lake Ontario, damage below elevation 247 is 
uncertain but probably small. Above elevation 247, drainage of cellars in the 
lower part of Kingston would be affected and the dock and canning factory of 
the Port Millford Packing Co. at Port Millford would be flooded. Lake levels 
above elevation 247.5 would flood wharves, coal sheds, warehouses, etc. in 
Kingston, Brockville, Prescott, Port Milford, Bath, South Bay, Ogdensburg, 
and Charlotte. They would affect the LaSalle Causeway at Kingston and the 
Kingston dry dock. At lake levels above 248, damage would result as follows: 
Docks, storehouses, and factories in addition to those before mentioned would 
be flooded or interfered with in Kingston, Wellington, Port Millford, Clayton, 
Cape Vincent, Sacketts Harbour, Oswego, Fairhaven, Little Sodus Bay, Sodus 
Point, and Charlotte and on the lower Niagara river. Such levels would render 
less efficient or damage the breakwaters and other aids to navigation at Sacketts 
harbour, Little Sodus bay, Great Sodus bay, Oswego, Charlotte, and Olcott. In 
addition to this, damage would probably be done to a number of other docks, 
roads, bridges, an electric railway, and several beaches. Above 248.5, damage 
would be done to additional docks, coal sheds, and factories in Kingston, Red- 
nersville, Wellington, Massagana,. Northport, and Forester Lt. Lake levels 
above elevation 249 would seriously damage a number of other important inter- 
ests in Gananoque, Kingston, Green Island, Prescott, and Ogdensburg. 
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99. After considering the foregoing information, elevation 248.1 was 
selected as the flood level for lake Ontario, which should not be exceeded by 
the regulated levels to a greater extent than was the case in the past. The data 
on flooding damage is more nearly complete on lake Ontario than on the other 
lakes and indicates that a great deal more damage would result than is shown 
by the data for the other lakes. Plate 3 shows that, for this elevation also, the 
probable frequency, indicated by the last 25 years of records, was once in 20 
years. 


100. Summary. The flood levels on the several lakes may be taken, there- 
fore, as follows:— 


MACE! SUPELIONE eis Seve cte persis a ohelas Sot tase Hoe tah e hiseueusie egrets rele motes 603.6 
Lakeste Michigans Huromrgyt.a tarts seis itvephcte ticle. uate siciels oysreldiels slaital a aisraje 582.2 
Tile pHirane WAX. 1. satems cen ea re ests. cei teas ott ohs: s ripiuboksvals sais’ o' etaisyeeyetey sretel ety asthe 573.9 
Palkkee Ontario tye tae oic.c cistete © araGPS STereINe Sie che oka: aia eh Codie) ohate: si etese le tones aan o sieiee 248.1 


101. It will be observed that the damages, as a rule, are not due to the 
dead level of the lake itself, but to the temporary fluctuations above that level 
caused by winds and barometric pressure, to the flooding of sewers by heavy 
rains which may happen to occur when the high lake levels have reduced their 
outlet capacity, and to the raising of flood heights of streams entering the lake. 
The riparian interests affected are not so directly concerned with the maximum 
height to which the monthly mean elevations of the lakes are raised as with the 
frequency with which the lakes reach the levels which expose them to serious 
hazard of damage. As long as the frequency with which the lake levels rise 
above the flood levels is not increased by the construction of tompensating 
works, or by the operation of regulating works, no damage can be considered 
to result from their construction or operation. 


102. ‘A study of the nature of the damage done by increasing the frequency 
of high lake levels shows that it is so widespread and diverse that compensation 
to the industries and individuals affected is out of the question. Communities 
have adjusted themselves to the lake levels that have actually existed, and 
cities and towns have built their sewage systems accordingly. The damages 
would not be met by merely paying for the flowage of such lands as might be 
actually flooded by the rise of lakes. It must be emphasized, moreover, that 
the inquiries did not bring to light all of the damages that would result from 
high water, for the reason that many of the citizens concerned and many of the 
responsible executives do not believe that a proposal to raise the high waters of 
the lakes will be seriously considered. 


MAXIMUM DISCHARGE CAPACITY OF OUTLETS 


103. Lake Superior. The discharge capacity of the St. Mary’s river, the 
outlet of lake Superior, has already been enlarged by the power canals at the 
falls to such an extent that little benefit would be secured by further enlarge- 
ment, 


104. Laxrs MicuicAn-Huron. The St. Clair river is nearly 40 miles in 
length, with a small and fairly evenly distributed slope, except at the Port 
Huron rapids at the head of the river. While at first glance there seems to be 
an opportunity to provide a considerable increase in discharge capacity by the 
enlargement of this contracted section detailed computations show that a 
by-pass canal if built with a depth of 35 feet and width of 700 feet, entailing 
the excavation of 7,800,000 cubic yards would increase the discharge capacity 
of the river by only 8,000 cfs., 1.e., by about 4 per cent of its present capacity. 
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It may seem paradoxical that the one lake outlet that has been enlarged in 
recent years by the action of nature and man should be the least susceptible 
to further material enlargement. It will be noted, however, that the total 
enlargement accounted for to date effects an increase of only about 5 per cent 
to 8 per cent in the discharge capacity at high stages, and that this is the 
cumulative effect of actions taking place over a period of 35 years. As has 
been previously pointed out, the discharge capacity of the river is much éur- 
tailed in winter, but this is not the season when large discharges are desirable 
from the standpoint of regulation. 


105. Lakn Eriz. A large increase of the discharge capacity of the Niagara 
river, at the outlet of lake Erie, can be secured, although at large cost, by the 
excavation through the rock sill at its head. The program for complete regu- 
lation hereinafter considered is based on an enlargement of the discharge 
capacity by 40,000 cfs. 


106. Sr. Lawrence River. The discharge capacity of the St. Lawrence 
river is limited by seasonal conditions. For the purpose of testing a program 
for complete regulation, the limitations were taken as shown on plate 4. The 
reasons for these limitations are as follows:— 


(1) The discharge at any time must not exceed the amount that can be 
passed through the enlarged channels without creating excessive currents for 
navigation and without requiring a head that would scriously reduce the head 
available for power. This limitation restricts discharge from lake Ontario to 
amounts varying from 223,000 cfs. with the lake at elevation 244.0 to 330,000 
cfs. with the lake a little below elevation 248. 

(2) The discharge must not create such stages in the St. Lawrence river 
as will cause serious damage to riparian property. The areas where such 
damage would occur are the lands bordering lake St. Francis and lake St. Louis. 
After the outlets of these lakes have been enlarged as a part of power develop- 
ment in the rapids below them, a maximum discharge of 330,000 cfs. should be 
possible. 

(3) During the period in which the Ottawa river is in flood, in May and 
June, the maximum discharge should be limited to 300,000 cfs. in order to 
prevent excessive levels in lake St. Louis. 

(4) The ice jams during the spring breakup, usually occurring in April, 
cause the highest rise of the water at Montreal. The higher the discharge of 
the St. Lawrence at such time, the higher the water is likely to rise. Large 
sums have been expended to prevent the flooding of the lower lying portions 
of the city at such times. The regulated discharge of the St. Lawrence has 
therefore been limited in April to an amount not exceeding the present discharge 
at the same stage. 

(5) During the winter months of January, February, and March, the 
discharge capacity of the river will be reduced to an amount materially below 
that possible during open-river months. The successful operation of power 
plants on the river requires the creation and preservation of an ice cover wher- 
ever it can be secured at reasonable expense. Since the formation of an ice 
cover depends upon currents of sufficiently low velocities, the proper winter 
operation of the power plants requires that the discharge be restricted. 


107. The further studies, made before adopting a definite program for the 
regulation of lake Ontario alone, has indicated some desirable modifications of 
these limitations,. but these modifications are insufficient to alter materially the 
results to be obtained from a comprehensive system of regulation of the Great 
Lakes. 
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MINIMUM PERMISSIBLE DISCHARGE THROUGH OUTLETS 


108. The minimum discharges adopted in testing the programs for the com- 
plete regulation of the lakes were as follows:— 
Minimum 
Minimum Natural Monthly Mean 
Regulated Discharge with Same 


Discharge Diversions (Summer) 
Sing lawrebceb rivera to yockeciert Serta «pater 200,000 i 
Niagara (including Welland canal) ........... 176,000 167,000 
St. Clair river (except when the natural dis- 
chargeswas less) iy BR ae ile ae abe tee cert le efe 150,000 151,000 
Si ud larye Seri Clbeysclacients ia steeom ates marenes ates 50,000 49,000 


109. The minimum discharges for the St. Lawrence and the Niagara were 
set with a view to affording a reliable flow for power purposes. It is necessary 
to maintain an ample flow through the St. Clair and Detroit rivers to prevent 
the reversal of the current of the latter when storms raise its outlet. into lake 
Erie, since such a reversal of flow would bring sewage-contaminated water to 
the water-supply intakes of the city of Detroit. Preliminary computations indi- 
cated that a minimum flow of 150,000 cfs. could be provided without substantial 
injury to the levels obtained by regulation. As later explained, an analysis of 
the results obtained indicates that some slight improvement in lake levels could 
be secured by fixing this minimum at 140,000 cfs. The minimum flow of 50,000 
cfs. in the St. Mary’s river is designed to maintain the full navigable depths in 
that river and to afford water for the existing power plants. 


110. Low Water Discuarce Required To Mainrarn Montreat Harspour 
Levets.. The further study made before adopting a definite program for the 
regulation of lake Ontario alone, in connection with the improvement of the 
St. Lawrence, shows that a fixed minimum of 200,000 cfs. is insufficient to main- 
tain the ordinary low levels of Montreal harbour during the summer and fall 
months. The actual monthly mean flow down the St. Lawrence has fallen 
below 200,000 cfs. but once during the navigation seasons of the past 65 years. 
This was in November and December, 1895, when the flow was 194,000 cfs. 
Even had a diversion of 8,500 cfs. occurred continuously during the past 65 
years, the unregulated monthly mean flow down the St. Lawrence during the 
navigation season would not have fallen below 200,000 cfs. except during October, 
November and December, 1895, with a minimum flow of 185,000 in November and 
December of that year. Past records show that, for at least 70 per cent of the 
time, unregulated outflows down the St. Lawrence in September, October and 
November exceeding the following amounts are to be anticipated. 


September. ie. a Pee AS Re GR COS. eee. 237,000 cfs. 
OCEO DET ichk aacssss io AS Cae tem beak Seo mobenats ane 228,000 “ 
November... .. .. eh us 222,000 “ 


It is shown in paragraph 210 of the main report that a diminution of the 
flow past Montreal reduces the water levels in the harbour at the rate of one foot 
for each 23,000 cubic feet per second. The adoption of a minimum flow of 
200,000 might therefore be expected to reduce the ordinary low water levels in 
the harbour by about a foot during the fall months. 


PROGRAM OF REGULATION TO SECURE MAXIMUM BENEFITS TO 
LAKE LEVELS 


111. To determine the benefit to be anticipated from a complete system of 
regulation of the Great Lakes, a program was drawn up which was designed to 
secure such result, while maintaining the minimum outflows set forth in the 
preceding paragraphs. The lake levels and outflows that would have resulted 
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from its application from 1894 to 1925 were determined, the suitability of the 
system being tested by applying it also to the high and fluctuating discharges 
recorded between 1869 and 1876. 


112. The computations were based on the supply of water to the various 
lakes that would have occurred had 8,500 cfs. been diverted continuously by 
the Chicago Sanitary District. 


113. System Aporptrep. The program was designed to hold the lakes at the 
maximum safe levels whenever the water supply permitted. The “ maximum 
safe stage ” of each lake for each month of the year was determined from a study 
of their seasonal fluctuations in levels, as being the stage which, on the basis of 
levels reached during these months during the last twenty-five years, would be 
reached once in & years, as shown on table herewith. 


TABLE 16.—‘‘MAXIMUM SAFE STAGES” FOR REGULATION 


Month ‘ . Superior | Michigan- Erie Ontario 


uron 
JANUATY Ltn ccna cation Vahey cee Cesena! 602-21 580-64 572-20 246-19 
Pebruary aay vir Paik AA eee a ae GE REED, aR Renee 602-21 580-95 572-57 246-57 
Miarola Wi tn itecy Shc CREP BER ETER | PE bc en ee 602-42 581-33 573-25 247-37 
CA SOTML AL hay cre eas ae ae UN ot ote et I Eesha A ee RE es 602-78 581-64 573-50 247-67 
Midiy TERE AN ete WPM Me hd A ancl eee re ea 603 -00 581-82 573-58 247-71 
June Te soa ee autos AG OBER AOR: oO ee a ee, 603-18 581-78 573-37 247-58 
rt bgt DR Sa A Aer eta UEE Aie Ste ag A Al NB 603-30 581-63 573-15 247-15 
A utustide Nhe pean irigtend Cs SO eee: | Bete e erie 603 -30 581-42 572-66 246-66 
Septembertl sg ck 5 icy Mapai ier UPL iat eee ape 603-15 581-16 572-53 246-33 
OGtOD er ee eG ee AUPE eet arte. eect nL ae 602-92 580-90 572-26 246-08 
November oi 22Re ene ee Aa ee eens. 602-69 580-73 572-20 245-99 
December hw Apudeek its cial des wh oe PUeN ae eae aan 602-42 580-63 572-14 246-08 


When the lakes were below these stages at the beginning of a month, the 
outflow to the St. Lawrence was so reduced that the expected supply to the lakes 
during the month would bring them to the maximum safe levels at the end cf the 
month, if this result could be accomplished without reducing the outflow below 
the established minimum of 200,000 cfs.; if not, the outflow was set at this 
minimum. Whenever the levels of the lakes were above their maximum safe 
stages, the outflow was increased as necessary, up to the maximum discharge 
capacity, to bring them back to maximum safe stages. In either case the dis- 
charge between the lakes was regulated, within the maximum and minimum 
limits, to secure at low levels the best equalization of the channel depths at the 
present improvement planes, and at high levels the distribution of excess water 
which would minimize the hazard of flood damage. 


114. During high stages, therefore, the lakes were kept as nearly as possible 
at equal stages from the standpoint of flooding, and in times of low water at — 
equal stages from the standpoint of navigable depth. Between high and low 
water a transition zone is necessary. The upper limit of this zone was taken at 
the highest safe stage, and the lower limit at that stage giving equal navigable 
depths and a total storage in all the lakes of one million second feet months 
less than the highest safe stage. 


115. The discharge capacity of the various channels and the allowable 
minimum flows limited the regulation so that very rarely was it possible to 
secure the condition of highest safe stage in all the lakes at the same time, and 
only occasionally could the same relative stage in all five lakes be secured. 
When the ideal condition could not be secured, the nearest approximation to it 
was obtained. If, for example, the capacity of the St. Clair river was inadequate 
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to discharge sufficient water to bring all the lakes to the same relative level, the 
maximum discharge possible was allowed in the St. Clair river; the Niagara 
river was regulated to give the same relative stages in lakes Erie and Ontario, 
and the St. Marys river was regulated to give the same relative stages in lakes 
Superior and Michigan-Huron. Because of the danger of flooding due to run 
off from the local drainage area, no lake was permitted to rise above its highest 
safe stage if it could be prevented without raising some lower lake to a relatively 
higher stage. For example, more than 200,000 cfs. minimum was frequently 
discharged from lake Ontario during the very low period of the last few years 
because, although the upper lakes were much below their highest safe stages, 
lake Ontario, with the minimum allowable flow coming in from lake Erie, and 
the probable local inflow, would exceed the highest safe stage and therefore be 
in danger of being flooded by a heavy local inflow unless more than the 
minimum flow was drawn out. 


116. Because of the rapidity with which the relative levels of the lakes 
changed with respect to each other, and because to do so would have adversely 
affected navigable depths, no attempt was made to draw any of the lakes 
below their highest safe stage in order to have space available for water from 
lakes higher up which were above their highest safe stage, but could not be 
immediately equalized with the lower lakes because of the discharge lmita- 
tions of the interlake channels. For example, if lakes Michigan-Huron and 
Superior were too high, but could not be equalized with lakes Erie and Ontario 
on account of the limited capacity of the St. Clair river, lakes Erie and Ontario 
were not drawn down on account of the excess supply in the Michigan-Huron and 
Superior, but were kept as nearly as possible at their highest safe stage. 


117. Deraits or Computations. The effect of applying this system was 
computed by monthly periods on the form sheet shown herewith. It was 
assumed that at the first of each month the elevation of each lake could be 
determined from gauge readings. The probable local inflows for each lake were 
estimated from diagrams (plate 5) constructed from past records to give the 
probable inflow for the month as indicated by the local inflow to that lake 
during the past month. It was found by a study of the past supplies (one of 
which is shown on plate 6) that a month of large runoff was likely to be 
followed by another month of high runoff, and a month of low runoff by 
another of low runoff, and that from the diagrams much better results could 
be secured than by assuming that average conditions would probably occur 
in any given month. The outflows of the various lakes were computed which 
would give at the end of the month the best distribution of the storage if the 
probable inflow occurred, and the gates were set to give this outflow from the 
lakes during that month. With the known stage and storage at the beginning 
of the month, and these outflows, the storage and stage were computed which 
would have resulted at the end of the month, with the inflows which actually 
occurred in that month. The steps in detail are as follows:— 


118. In line (1) was entered the elevation of each lake at the first of the 
month, and on line (2) the corresponding storage in each lake and the total 
storage above an assumed datum (two feet below the present improvement plane 
of the lake). Units of storage equivalent. to the flow of a thousand second feet 
for a month were used, and flows were expressed in units of a thousand second 
feet. In line (3) were entered the probable net local inflow into each lake for 
the month and the probable total inflow as determined from the inflow diagrams. 
Line (4) is the sum of lines (2) and (8) and represents the probable storage 
at the end of the month if there were no outflow. In line (5) is recorded the 

45827—7 (Continued on page 99) 
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TYPICAL COMPUTATION FOR REGULATION WITH COMPLETE CONTROL OF ST. 
CLAIR RIVER—Janvary, 1870 


Total 


3,715 


a Superior | Michigan-| Erie Ontario 
Huron 

(1) Elevations of lakes at first of month.......... 602-93 581-30 572-79 246-60 
(2) Storage in lakes at first of month.............] 1,129 Areal 449 326 
(3) Probable local inflow for month............. —3 68 66 75 
(4) UT eA Se 2 ee UA 1,126 1,845 508 401 

(5) "Total storage'danger stage end of month say | ames cyanea serena dl abetted eae! | nee renee 
(6); Outtlow to igive danger stazece esl. .vetrpcue cere alge peta es oes i tel ee a 
(7): Tnimits of outflow, from system—Maximum, el oo) se eee an erie a8e | a ere anne 
(8 I ib veh Dc alah oa Wecgeard tates Mtr eer linc ern bord Ace. |feirn chro shen te |[ brea rey eee 
(9); Outflow selected Merit: ets Oye Oe Chie ie al al orn ta A ewe ee | 
(10) Desired distribution of storage................] 1,115 1,781 435 338 
Ci) MEesired nevoucuowacarie ace ea cere eae 11 64 73 63 
(12). Desired! grossoutilowun. abe Lis. eh 11 75 148 211 
(13) Limiting outflow—Maximum................ 124 222 260 211 
(14) Ii GreaUh aah sate gets als austen ols 50 150 176 200 
(15) @uttlow adopted=B Net syein tachs i ele t ae oll eer tee nee | eee rol pe eer | Om 
(16) TORS teen Stat clear snes ees ere | aoe beer eee tee pete ekelccotfa | trace eae ale een 

SuprERIOR-MIcHIGAN-HuRON SysTEM 
(L7) cb otal storage: plus in iow soem vain occasional 1,126 1845) Pole | ee 
(QS) PE rial! Outhows. ose ee eed de Ata ee mre ce heer eel ghee ee AL as ceed to ee ae | Oe 
(19) Rotalistorage tend ‘ofpmonth yd Ai: seagate O erase enced cl Nese teen cea ee eg | a eae 
(20); Storage in system atdangersstagesssae ci agi rcmicnaly eaees cael cael | caer a a 
(21) Desired distribution of storage................| 1,027 D734) eal, Meee eee, Saleyns 2 
(22) Outhow— Neti. leepee hoe eee eee 39 1 BAG Ped eta eee hes kp col me? bh 
(22) GOSS ahs dan ed aes een nae 39 150, orl oe ool 
SuPERIOR SYSTEM 
(24) Total storage plus inflow.................... peal Lay aah Ip ee oes eet en areca Lee ha bt A 
(QB) Pia OUtO Weare eee ean eee Ree ra ee roe ecard earee iche er | na | a 
(26) “Lotalistorage} end ofimonth of Sind acess ec alcalen. Miteleh | an eetioete token | hme nen reer aie] Mae eee, 
(27) Storage in system at danger stage............. [Perera Leeroy (Mattes caremeratie | [reels wip Ces ace fataater ond © Sayre 
(28) Desineddistribution of Storagels. Janae: sale: 1 O6eeyalettecums eal: sonbaaers tell ween at 
(29) Out tloweriN © Grit niece tila kee Nhe yet ae Sena ee BOs tuall esti ice pase tel Reet Mena ee a) vce ae 
(30) CRTOSS tks Se RRA h sy ORR ORS ht OE 0 lia Recerca eaten S25 EE MRA oe 
MicutgAN-Huron-Ertm System 
(SL) Lotal'storave’plusintlowssne se eae eee 50 1,845 SOSer Hee ec ance 
(32) Trial outflow igi ee einen RAE Deke ee PON nA, ee) Rr eee, (ee, Bee 
(33) 4Lotalistorage..end of month: 9s Shh iden the |e ir | ees aaa eee oe 
oA Storage iD SV stemal GAanger stage. nue cna ctaline merase ep illcriectene tere oi] eee mera ac ene ae 
(85) Desired distribution of storage................|.........-| 1,791 ASW TH RR are: 
(86) sOuthoweSn etaiseieseh ih tals saemc ee AM aS a ails ip ei 54 1s alg eee ee 
37) Eh ajc ae ate eee 4 Svea cn Meals tc 50 104 O(c ian eens ot 8 He 2 
MicuiGgANn—Huron System 
(38) eotalestorage plus Ino Was. s.ceee an etre: 50 HAC. Gs ean we Bee at ie de: Sea 
39) VD rial Out O Wie MASE OR Ris a RRO tee Ae ARE a pe es ISOe alos DOD cee eat orca | OPO ea 
40)NTotal-storages end of:monthiein sineis aegr crtaliO) Oe acta | ee res ar | o e  e 
41) Storage in system at danger Stage) aac. rllc dubai tl eer eee iia sie Cae ae ine oe en ea 
(42): Desired distributiomoL- Storage. weet ne ee el tae ore ee Le On Malte Reeernene trees (een eee 
(43) -Outhlow= Neti ys ihe ei ees | etn Burak tiny ae ee re reenact 100 | Ree | ee 
(44) (TOSS Gc ilay seer ee ease an ee 50 150° Wikiickscocn eal pe ee 
Eriz-OnrTArIo SYSTEM 

Gd) etiotalistonage plissinaowy ave steerer aeons |e eee 150 508 401 
(26) 20 rial, Outil ows vei Ve he RRO aera bes Rent Seatte | PURE AN fips ot eee tr rl a Se | 
(47):-T otalstorage, ‘end of, monte ee min kee sels takes ete | eet tee in| ee ee | 
(48); Storage im systent atidangenr Stace.) sy.5eee it fA arte eee Tite fort arse || (cert eaten nee | (ee 
(49) ‘Desired: distributioniolistorage: tes Assen ce eal ec. aero ate are 474 374 
(50) sOuthlo we Nebr Mece ss pial te ahr es wore a ae) aa Sel) ee Be 34 27 
(51) CRTOSS ee ee ee ee ete, yet | an ee een 150 184 211 
(OZ) AStOraAge MiESst OF INONth une ween Settee 1,129 een 449 326 
(63) nhocalisupplytactorses: cnc dye eeeei cee ae 9 118 65 62 

54 UTD yk eae ae Rate Motes: ene 1,138 1,895 507 388 
(55) Outhlownised,—Netiteana sneer 50 100 34 27 
(56) Storage, end of month—Approximate........ 1,088 795 473 361 
(57) Stage, end of month—Approximate.......... 602-82 581-34 573-07 247-02 
(68) Discharge; (end ot/month— Approximate), are tesserae ete eset | enya ete ae 215 
(69) «Discharge. firstOl monthis paneenee sn. oheuke cla LCase eR Lees Cen | ee eee 211 
(60)'UMean discharge Gains ce sits tae mere cia Ben. oc tecret edt aoe fete ck 7) a ane ene eee ei ee 213 
(6) (“Storage/correctiontys. ony atta ey ee eines Pea lta oe ee artic eee eee rele pee 2 
(62) Storage, end of month—Corrected............]| 1,088 1,795 473 359 
(63) Stage, end of month—Corrected.............. 602-82 581-34 573-07 247-01 
(64) (Outhow-used—-Grossu.ndee nie asian sees 50 50 184 213 
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total storage in the lake svstem if all lakes were filled to the highest safe stage 
for thet month. Line (6), the difference between lines (4) and (5), is the out- 
flow which would be necessary from the lake system to have just sufficient 
‘storage in the system at the end of the month to bring all the lakes to their 
highest safe stage. In line (7) is entered the maximum flow of the St. Lawrence 
river for the elevation of lake Ontario at the beginning of the month, as indicated 
by plate 4, and in line (8) the minimum flow for the scheme of regulation under 
consideration. A comparison of the figures in lines (6) and (7) shows that it 
is not possible to draw all the lakes down to their highest safe stage in this 
month, and therefore the nearest possible result to this will be obtained or the 
outflow selected, line (9), will be the maximum possible, as entered in line (7). 
If the figure in line (6) had been less than 200, the minimum flow of 200 would 
have been used in line (9), and if between the maximum and minimum, the 
outflow in line (6) would be used in line (9). 


119. In the last column of line (10) is entered the total storage remaining 
in the system at the end of the month if the outflow selected (211 thousand 
second feet) were withdrawn. This is distributed between the lakes according 
to diagrams as plate 7, one for each month, which show the storage in each lake 
which, for any given total storage, will bring all of the Lakes to the same 
relative stage. From plate 7, with 3669 as the total storage, is found the storage 
in each of the lakes shown in the other columns of line (10). The values of 
the storage corresponding to the critical points on the storage distribution curves 
are given in Table 17. All curves go through the origin of co-ordinates as plate 
7. The values of net outflow from each of the lakes, line (11), which will bring 
about the desired distribution of storage. are the difference between the value 
in lines (4) and (10), and line (12) gives the gross outflow, or the summation 
of net outflows. In lines (13) and (14) are entered the maximum outflow possible 
in the interlake channels with the enlargements and control works and with the 
stages of the various Lakes the first of the month. In case of ice retardation 
in the St. Clair River, the same per cent of reduction was applied to the 
maximum unobstructed discharge with the enlargements as occurred in the 
natural river. In line (14) are entered the minimum allowable flows, for the 
system of regulation under consideration. 


120. By comparing the values in lines (12), (13), and (14), it will be seen 
that to secure the desired distribution of storage, a flow less than the minimum 
allowable would be necessary out of Jakes Superior, Michigan-Huron, and Erie, 
and lines (15) and (16) cannot be used in this case. It is necessary therefore 
to secure as nearly as possible the desired distribution with the limitations’ of 
outflow. The difference between the desired and allowable flows is greatest in 
the Michigan-Huron outflow, and it therefore is probably a controlling relation. 
Lines (17) to (23) treat lakes Superior and Michigan-Huron as a separate system, 
in the same manner as the whole lake system was treated in lines (14) to (14), 
using the appropriate scale of ordinates on the right side of the storage distri- 
bution diagram (plate 7). The values in line (17) are the individual storages 
of the lakes of the Superior-Michigan-Huron system from line (4), and the 
inflow from lakes above (in this case zero), the sum of them being entered in 
the last column. The value in line (20) has no significance in this case, but has 
in cases where the storage in the system is near that required to fill all the lakes 
to their highest safe storage. The values in line (23) show that to bring 
Michigan-Huron and Superior to the same relative stage at the end of the 

45827—T7h 
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month would require a flow less than the minimum allowable out of Lake 
Superior. Lake Superior is therefore treated as a separate system in lines (24) 
to (30), and a trial computation made in lines (31) to (37) shows that if lakes 
Michigan-Huron and Erie are brought to the same relative elevation with the 
minimum outflow necessary from Lake Superior, the outflow from Lake Michigan 
would be below the allowable limit. Lakes Michigan-Huron are therefore treated 
as a separate system in lines (39) to (44), using the minimum allowable out- 
flow, and lines (45) to (51) show that with this outflow lakes Erie and Ontario 
can be brought to the same relative stage within the limitations of outflow from 
lake Erie. To obtain the nearest possible result to the highest safe stage in 
all the Lakes with the probable inflows for the month and with the flow 
limitations of the interlake channels and the St. Lawrence river, it is therefore 
necessary to take the minimum allowable flow out of Lakes Superior and 
Michigan-Huron and 184,000 second feet from Lake Erie, and the maximum 
possible out of lake Ontario. The regulating gates would therefore be held 
during the month to give flows of 50,000 second feet from Superior, 150,000 
second feet from Michigan-Huron, 184,000 second feet from Erie and 211,000 
second feet from Ontario. With these outflows, and the local inflows entered in 
line (53) which actually occurred during the month, the storage in each lake 
and the stage at the end of the month is computed on lines (56) and (57). 
A correction is made in lines (58) to (62) on account of the increase which is 
possible in the outflow of lake Ontario due to the increase in stage in that lake 
during the month. In lines 62) to (64) are entered the storage and stage at 
the end of the month and the gross outflow from all the lakes. 


121. The example given above represents one of the more difficult cases and 
involves much more computation than the average. Large-scale diagrams were 
used to show the storage distribution relations for the various months, of which 
plate 7 illustrates the principle. The numerical work contains a very complete 
series of checks which reduce the probability of error to a minimum. 


122. Resutts Sucurep. The lake levels and outflows resulting from this 
system of regulations are given in tables 9-12 and are shown graphically on 
plates 8 and 9. The results are best summarized, however, on plates 10 and 11, 
which give the relative length of time at which the levels during the navigation 
season, and the discharges throughout the year, would be realized. 


123. Errects oN LAkr Levers. In evaluating the beneficial effects of 
regulation on lake levels, it is misleading to deal with the absolute minimum 
levels reached. Present bulk-cargo lake commerce, with its short voyages and 
highly organized management, is benefitted by a rise in the mean levels of the 
lakes to almost as great a degree as by a rise in the minimum levels; and even 
commerce entering the lakes from the sea, as a consequence of the improvement 
of the St. Lawrence, will not be vitally concerned with low levels which rarely 
occur. The basis of comparison adopted is therefore the level below which, on 
the basis of past experience a lake will not fall during more than 2 per cent of 
the time. 

124. The following tabulation gives, on this basis, the range of levels of the 
various lakes, during the navigation season, which would be secured by the 
program of regulation described, during the period from 1894 to 1925, as com- 
pared with the range, on the same basis, that the lake levels would have had 
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during the same period with the outlets in their present condition and with the 
present diversions (and a total diversion of 5,000 cfs. through the Welland 
Canal) :— 


Regulated Unregulated 
Lake 
Highest Low Range Highest Low Range 
feet feet 
SUDCIIOT Note Reei ce Rene ct fae 603-7 601-3 2-4 603-8 601-0 2-8 
Michigan-Huron............ 582-5 580-1 2-4 581-8 578-3 3:5 
LEIS CONS am) SEU A Rao Wee 574:3 571-5 2-8 573-8 570:5 3:3 
Ontario wee hese. 248 -6 245-8 2-8 248 -4 244.2 4-2 


125. Since the levels of the lakes can be raised equally well by compensat- 
ing works to the maximums attained by this system of regulation, without 
increasing the present range between maximum and low stages, the advantage 
of regulation, from the standpoint of navigation, lies in the reduction in the 
range of stage. This is as follows:— 


SUPCEICI ny cic hoe this Cai temmmer mmr ar net hey ou caer cue) MAU e ale’, ant, 0.4 feet 
MichioamAH uroih. Tee eA ents eros cet neeitta! SR bss? ahh tae Tela 
PTC rhea Foxes ys atqcaceh aii AMSA ae oe Rosner tun skaunege Patek hase Uitaly ra’ bh aes ORD ene 
Ona Owen ng osc me seh emCmme na PORN ne ra We cea onk evel endl tar ane vate Ulieig sie eae 


126. Taking the whole period from 1860 to 1925, on the assumption that 
the maximum stages under regulation would occur in 1870 or 1876, the total 
fluctuation of stage in the regulated and unregulated condition is:— 


Total fluctuation 


weil Unregulated, 

ake with present 

Regulated diversions 

and outlets 
SUNETIORS Rey Mets ut, tn DOE An Meee are Ee cs eee Rett artnet 3-41 3-54 
MVE MO ANS EHUPOD aOR ee ict ol csiy. so eaten clin Maer aM ey atone ashaesual tetera: 3-52 4-92 
TICS eR tte. ee ele oO) ee PEN E Ate CTR ES, a Oe cae mente sq 3-29 3°53 
Dyaenntey. aoe Ae oe alr ea ne Os RUPEE ons ble kG nis Ae Sin On EaN ann Sie OR oe a 3-83 5-54 
WGIOTMCCC BAVCLAL Croce sid morn oe rece ee ane Reret eran elec abo eet tans tien same 3-47 4-35 


127. In paragraph 68 it was shown that a study of the mass curve of supply 
indicated that a minimum outflow of 200,000 cfs. could be maintained with a 
fluctuation of 2.0 feet on the lakes. The difference between this figure and 
the average fluctuation of 3.47 resulting from the detailed program of regulation, 
is due to the limitations imposed by the discharge capacities of the outlet. 


128. Errect oN ouTFLow. An examination of plate 11 shows that the result 
of applying the program would have been to hold the outflow down the St. 
Lawrence to the minimum of 200,000 cfs. for nearly half the time in order to 
puild up lake levels. The unregulated flow falls below 200,000 cfs. for a very 
small percentage of the time, but exceeds that figure most of the time. A 
detailed analysis of the effects of the regulated flows on the low water levels of 
Montreal harbour during the period 1913 to 1924 confirms the general analysis 
given in par. 110 that the program would lower the ordinary low water levels 
by approximately one foot. It is apparent, moreover, that the results secured 
would be unfavorable rather than beneficial from a power standpoint. A 
similar condition would be created in the Niagara river by the scheme studied. 
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DESIGN AND COST OF REGULATING WORKS 


129. The design of regulating works that will satisfactorily meet ice condi- 
tions in the Niagara river, and will accomodate the great volume of shipping in 
the St. Clair river, offers many complications. The designs forming the basis of 
the estimates of the cost herein presented are intended to afford only a reliable 
indication of the minimum cost, which might be increased materially by elabora- 
tions deemed necessary to meet the unusual requirements. 


130. Works IN St. Cuatr River. Because of the delay which locks would 
cause to the heavy traffic on the St. Clair and Detroit rivers, it is desirable to 
control the flow in these rivers by some means in which they are not required. 
The studies and estimates of cost indicate that sufficient control may be obtained 
by channel contractions to secure substantially as good results in lake control at 
about the same cost as would be possible with locks and dams. The method of 
restricting the outflow in the St. Clair river was to select a location where the 
river was divided into two or more channels by islands, placing control gates 
across all but one channel, thus allowing the navigation to pass unobstructed 
through this channel. By closing the gates the entire flow could be forced 
through the one channel, which would restrict the flow. Where natural divisions 
in the river were absent or insufficient, they were artifically constructed by 
iongitudinal dikes. 


131. Pornr Epwarp By-pass. To provide additional discharge capacity in 
the St. Clair river, a by-pass channel was provided around the Port Huron 
rapids at the town of Point Edward, where the St. Clair river leaves Lake Huron. 
The channel would extend from the Point Edward range lights at the head of the 
St. Clair river to Sarnia bay, and along the west side of this bay entering the 
St. Clair river at Bay point. It would have a length of about 8,000 feet, a 
bottom width of 700 feet, and a depth of 35 feet. Investigation showed that a 
greater increase in size would not secure sufficient increase in St. Clair river 
flow to justify the additional cost. The control works would consist of concrete 
floor, piers, and abutments with Stoney sluice gates. As it would be necessary 
to provide railroad and highway access to the docks to the west of the canal, 
the control works would be combined with a railroad and a highway bridge. 
With all the gates open, this by-pass would increase the flow in the St. Clair 
river by about 8,000 cfs. The total cost of the canal and control works is 
estimated at $2,770,000. 


132. Staa Istanp Contraction. The first contraction works would be 
located at Stag Island, near the town of Marysville, about 8 miles below Lake 
Huron. The length of Stag Island is insufficient to give the desired reduction in 
flow, and dividing dikes would be extended from the upstream end of the island 
to opposite the town of South Park, and downstream from the Iower end of the 
island to Oakland Dock, about 2,400 feet below the mouth of Pine river, near 
the town of St. Clair, the total length of river thus divided being about 46,000 
feet, or slightly more than 8 miles. The contro] gates would be located across 
the channel east of Stag island, and were similar to those on the Point Edward 
Canal. Navigation would pass through the west channel, which would have a 
minimum width of 1,080 feet. To prevent the enlargement of this channel by 
the higher velocities which would result from closing the regulation gates, rock 
sills 10 feet wide and 3 feet average thickness could be placed on the bottom 
extending across the river at 100-foot intervals. The Stag island control works 
as thus outlined, with no deepening of the present channel would increase the 
stage necessary in Lakes Michigan-Huron for a discharge of 180,000 cfs. by 
1.54 feet and would cost about $10,120,000. 
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133. Wooptick Istanp Conrraction. The second control would be at 
Woodtick Island, near Marine City, about 22 miles below lake Huron. At this 
point the flow to the east of the island is so small that closing it off would cause 
little effect, and a dividing dike would be built in the west channel extending 
the entire length of the control works, from a point opposite the center of Marine 
City to a point opposite the plant of the Michigan Sault Manufacturing Com- 
pany, a distance of about 11,000 feet. Two control gate structures would be 
necessary, one extending from the dike to Woodtick Island and the other across 
the channel east of this island. These would be similar in construction to those 
designed for the Point Edward Canal. The channel to the west of the dividing 
dike would be protected against enlargement in the same manner as proposed 
for Stag island. The minimum width of the navigation channel is 1,040 feet. 
The cost of this control is estimated at about $38,730,000 and the effect in the 
lake would be about 0.51 foot. 


134. Contraction aT Deira. Near the town of Algonac, the St. Clair river 
divides into a number of mouths which pass through a delta into lake St. Clair. 
Where the river divides into two channels, control works would be built across 
one branch by which more water could be forced through the other (the south 
channel), thus increasing its slope and reducing the total discharge of the river. 
Since this channel is somewhat narrow, but must carry all the through navigation 
of the St. Clair river, and because of the easily eroded character of the soil, the 
amount of water forced through this branch would be limited to that which 
would produce a mean velocity of 3 feet per second. To prevent enlargement, 
sills of loose rock, averaging 10 feet wide and 3 feet thick, would be placed 
across the channel at 200-foot intervals. This mouth contains a bad bend, 
which would be cut off by a channel of 600 feet bottom width. The estimated 
cost of the works is $6,150,000 and their effect on the level of Lakes Michigan- 
Huron is 1.25 feet. 


135. Since all the other mouths are cut off from Lake St. Clair by bars 
which have formed at their outlets into this lake, the control works across their 
upper end would cut off the access of boats to them. A 200-foot channel would 
therefore be excavated through one of these bars to let navigation pass up 
through one of these mouths and from it into the others which are cut off. 


136. SuMMary, St. Cuarr River. In summary, the contraction works 
designed for the control of the St. Clair river for complete regulation, and their 
effectiveness in feet of fall, are as follows:— 


Estimated Increased 
Location cos ea 
Stacrtlelan dss arr: oh cise Maice- ts oeiateborien «tee ern ere wots; fats $10,120,000 1.54 
Woodthicia islander | Che) ae sie PRS 8 sae Re 2s 3,730,000 51 
Del baby yy o Maeve races Steere ech reed tone PER CLCTTS Ra LEeS aig 6,150,000 1s 
ED OC at i euewe ©, inet eee tha e Lanemnacy Kite, Fon! $20,000,000 3e50 


The works could be operated to reduce the outflow from lake Huron by roughly 
30 per cent when so desired. 


137. The total length of the contracted channels in this scheme of control, 
counting the delta channel as 7 miles in length, is 18 miles, and the success 
of the scheme depends on preventing an enlargement of their sections with the 
increased current velocities created by the contractions. The estimates provide 
for what is regarded as ample protection of the bed against scour below a depth 
of 30 feet, but there is no precedent for determining the extent to which this 
protection would have to be carried. 
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138. ALTERNATIVE PLAN or Dam WirH Locks. An alternative is to con- 
struct control gates with locks at a suitable point in the river. Since a minimum 
flow of approximately 140,000 cfs. must be maintained, the gates need not 
entirely close the river, and a navigable pass could be left through which the 
lighter shipping could pass downstream. It is not believed that the lake cargo 
freighters (which are normally carrying their full loads downstream) could use 
such a pass, and the locks should be sufficient to pass all vessels of that class. 
In 1925, the total number of steam-vessel passages through the St. Marys falls 
canals, exclusive of tugs, yachts, etc., was 18,718. The number of. vessel pas- 
sages through the Detroit river during the same year was 18,146, exclusive 
of sand carriers and passenger steamers, tugs, yachts, etc. The lock capacity 
provided in any works in the St. Clair river should be at least equal to that 
which has been found necessary at the St. Marys falls canals, which is a 
capacity to pass six lake freighters simultaneously. Three double-length locks 
would therefore be required. The cost of the locks, approaches, dam and pass 
is estimated at not less than $30,000,000. 


139. The average time required in 1925 for passage through the United 
States canal, including one lock and 12% miles of canal, was 1 hour and 9 
minutes. The average time, up and down bound, to pass through the canal is 
17 minutes. The average time of lockage only, including delays, is therefore 
52 minutes. The average freight carried per vessel passage was 4,370 tons, and 
the average rate per ton-mile was 1.08 mills. Assuming that a delay of 52 
minutes is equivalent to 9 miles of travel, the average cost per vessel passage, 
light and loaded, in terms of revenue producing capacity of the vessel, becomes 
$42, and for 18,146 vessel passages $762,000 per year. The economic loss 
would increase with increasing traffic on the waterway. This economic loss 
would justify heavy maintenance costs on an open-channel scheme. Despite 
the uncertainty of the latter, it has been considered advisable to present it as 
a basis for regulation works. 


140. Works 1n Nriacara River. The works designed for controlling the 
outflow of lake Erie were located at the upper end of the Niagara river at 
Buffalo. A longitudinal dike would be built in the river, extending from Bird 
island, opposite the Buffalo Water Works pumping station, down the river to 
Ferry street, a distance of about 7,000 feet. It would be roughly parallel to the 
present dike along the west side of the Black Rock canal and would be on the 
average about 700 feet farther out in the river. It would reduce the minimum 
width of the river from approximately 1,600 to 1,000 feet. At the upper end 
of this dike, Stoney gate control works would be located by means of which 
the flow through the channel inside the dike could be shut off, thus reducing 
the flow out of lake Erie. To increase the outflow, 4,300,000 cubic yards of 
rock from the controlled channel and from Limekiln reef opposite its upper 
end would be excavated. The maximum hold-back capacity of this control 
on lake Erie as compared with present conditions would be 2.50 feet, and the 
increase in discharge which is possible as a result of the excavation is 40,000 
cfs. The cost was estimated at $13,650,000. 


141. Much of the excavation could be done more economically by using 
the longitudinal dike as a cofferdam. However, it would not be possible to 
entirely close off the entire area at once, as this would raise Lake Erie toc 
high; but another cofferdam could be built first between the location of the 
longitudinal dike and the bank, and a channel excavated behind this. This 
channel could then be opened, the ‘longitudinal dike built, and the rock between 
the first cofferdam and the longitudinal dike excavated. 
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142. Summary. In summary, the estimated cost of the works required 
for the program of complete regulation is as follows:— 


INIASAra biver sa te APM ee ae Bere ee G1 C0000 
St. Clair river. control .works:. cic. .. c« dartiasons sues 20,000,000 
POUL SE Waray Dasa mete se cums mts bec is ie? ca fen aie 0 cul) Utes 2,800,000 

Lote) snes apmayeyth ates Wee) bla uide ters) oleracea tocl-a vives otos .606;400,000 


143. It is of interest to note that the estimated cost of the works proposed 
by the Engineering Board of Review for the Chicago Sanitary District, as given 
by Mr. John R. Freeman in an appendix to that report, is as follows:— 


NVOPKS INN a cara civic ont ae ad ion osthata cit ge AE. tue deaac $ 8,174,000 
ViOrkseint st. ClalmenlVerimameee yes feats ieee a. Otis oes 25,312,000 
WOU allied nae aia Toe comes ey cheek a Ee Pons FOO 00 


These estimates do not include, however, certain protective works in the 
Niagara river, nor the enlargement of its discharge capacity required for effect- 
ing its regulation in the lower range of levels now found necessary, and the 
provision made for navigation in the St. Clair river may be criticized as inade- 
quate. 


144. CoMPARATIVE Cost oF COMPENSATING Works WitH DrepcGinc. In 
comparison, the cost of securing the same increase in the navigable depths of 
the channels and harbours of the lakes affected, by compensating works sup- 
plemented by dredging, is hereinafter shown to be as follows:— 


Cost of compensating works.. .. Sees eee wie tl So-400,000 
Additional cost of dredging lake schatiels it ial hbo foonl oan | 5,000,000 
ANdcditionalacostyoL Uredgimg nar bourses. tee tsk tires © ccs -+ ei, oe. bene 5,000,000 

Totall Mbpelicie: soasuligh ae cont uecabedmanet(933:460,000 


145. Conciusions. In view of this showing, the construction of regulat- 
ing works as a means for improving navigation is regarded as economically 
unjustifiable. It therefore has been considered unnecessary to give to the 
designs on which the above estimates are based the searching study that would 
be required if their construction was to be recommended. 


146. IMPROVEMENTS POSSIBLE IN THE PROGRAM FOR COMPLETE REGULATION. 
—In view of the disappointing results attained by the program for regulation 
that was tested, a study was made of the possibility of a program that would 
yield better results. It is found that the “maximum safe stages” chosen on 
Michigan-Huron and Erie in the preceding study were somewhat too conserva- 
ative, and that the levels on Michigan-Huron could have been raised 0.3 foot, 
and on Erie, 0.4 foot, without raising the regulated high-water levels above the 
natural high-water levels. This would not change the range in stage, except 
in so iar as the increased discharge capacity due to the higher levels might. offer 
the means for a reduction. Analysis of the critical periods shows that the effect 
on the range would be trifling. A reduction in the capacity artificially provided 
in the Niagara would become permissible, but further works in the St. Clair 
river would be required to secure the increased stages, the saving on the one 
hand and the cost on the other about balancing each other. The minimum 
discharge of 150,000 cfs. set for the St. Clair River (except when in winter 
the natural discharge is less) is at a few short critical periods a little more than 
is necessary to afford the minimum discharge set for the Niagara; but a reduction 
in flow during these short periods would effect but a trifling improvement in the 
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low levels of Michigan and Huron. By reducing the minimum set for the 
discharge of the St. Mary’s River the range of stage on lake Superior could be 
decreased at the cost of increasing the range on Michigan-Huron, but no material 
advantage would result therefrom. 

147. An entirely independent program of regulation, based on fixed rule- 
curves for determining the regulated monthly outflows, was tested over a portion 
of the period and found to give substantially the same results as those secured 
by the more elaborate program that has been described. 

148. Finally, it may be noted that the results secured are not out of line 
with those predicted from the scheme of regulation advanced in the report of 
the Engineering Board of Review for the Sanitary District of Chicago. Putting 
the upper limit of the normal range of levels suggested in that report at the flood 
levels found in paragraph 100 of this report, the normal regulated low-water 
levels of the lakes under the two schemes become as follows:— 


Regulation pro- Complete pro- 
posed by gram of regu- 
Engineering Board | lation studied 
Lakes of Review for in this report 
‘ Chicago Sanitary | (corrected asin 
District par. 144) 
SapeEriorZey>. SHARIA PLE LST? AM NL eee: SIE Pee Sakae 601.1 601.0 
Michi za nsHuro ses sos When angie aicrcerer seine aes ee wea ee 579.7 580.4 
WHOL R IE ches! POP Lea Uipe or enAO Rape hy On ee MRD heh ca 572.4 571.8 


The higher level secured in the one case on lake Erie is at the expense of a 
lower level on lakes Michigan-Huron. The comparison is not satisfactory, since 
it compares “normal” stages, which may not mean the same thing in the two 
cases; but this Board has not the detailed tabulation of the levels under the 
program of regulation had in view by the engineers for the Sanitary District: 
on which to base a more exact comparison. While the program indicated by 
them afforded a higher minimum flow to the Niagara River, it did not take into 
consideration the limitations that must be imposed on the discharge through the 
St. Lawrence. 

149. The program for regulation was based, as is usual, on maintaining a 
fixed discharge each month, determined by the lake levels at the beginning of 
the month. It has been thought that materially better results could be secured 
if the discharge were varied during the month in accordance with the lake levels 
that actually developed during the month. An examination of a few critical 
periods indicates, however, that the improvement would be slight. The differ- 
ence between the actual and expected supplies may indeed result, in rare cases, 
in lake levels at the end of a month differing as much as six inches from those 
predicted at the beginning of the month. The extreme high levels are, however, 
the result of a period of high supply lasting for several months, during all of 
which the program for regulation would provide the maximum allowable dis- 
charge. The best that could be done by adjusting the discharge to the levels 
during a month would be the starting of the maximum discharge say two weeks 
earlier. Since high discharges are put in effect as the lake levels approach the 
maximum safe stages, the gain by starting the full maximum permissible dis- 
charge two weeks earlier would be very small. Similarly, extreme low levels 
occur at the ends of long periods of low supply, during which the regulated 
discharge is held down each month to the permissible minimum in any event. 
The actual experience with the regulation of lake Superior confirms the con- 
clusion that no material improvement could be realized by the refinement of 
changing the discharge during a month. 
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150. ReGULATION WITH PaRTIAL CONTROL OF THE St. Cuarr River.—In view 
of the great cost of works in the St. Clair river, required to effect the degree of 
control over its flow, necessary to the complete program of regulation herein- 
before described, and the uncertainties as to the cost of preventing the enlarge- 
ment of the many miles of contracted channel in the St. Clair river contemplated 
by the design, with consequent loss of effectiveness, a program of regulation was 
worked out which could be put in effect with less extensive works. 


151. The works in the St. Clair river, contemplated in the modified scheme, 
are control structures at Stag island (8 miles below the head of the river) and 
at Woodtick Island (22 miles below the head of the river), The works at Stag 
island are similar to those proposed at this site for complete control (par 130), 
but the longitudinal dike extends only to the ends of the natural bar extending 
up and down stream from the island, giving a total length of 17,000 feet of con- 
tracted channel. Their estimated cost is $2,560,000 and their effectiveness, with 
the gates closed, is measured by 0.50 foot of head on lake Huron. The works 
at Woodtick island are identical with those proposed for complete control (par. 
131). Their estimated cost is $3,730,000 and their effectiveness is measured by 
0.51 foot on lake Huron. The total cost of the works is therefore $6,290,000 and 
their total effectiveness is 1.01 feet on lake Huron. The closinng of the gates 
at both works would reduce the discharge capacity of the St. Clair-Detroit 
rivers by roughly 10 per cent. 

152. The contemplated works for the Niagara River are similar to those con- 
sidered for regulation with complete control of the St. Clair river (see paragraph 
140), but with less outlet enlargement. The enlargement proposed requires the 
excavation of 2,100,000 cubic yards and gives an increase in discharge capacity of 
25,000 cfs, as compared with 4,300,000 cubic yards and 40,000 cfs in the com- 
plete control scheme. The cost is estimated at $8,575,000. These works if 
continuously closed would raise lake Erie 1.25 feet. 


153. The program of regulation is based on the same limitations as to 
minimum flows and flood levels as governed that for complete regulation. The 
operation of the gates was, however, based on set rule curves, instead of budget- 
ing the water between the lakes. These rules were in the form of diagrams as 
shown on plates 12 to 15. Plate 12, the diagram for. lake Superior outflow, gives 
the number of gates in the control works at St. Mary falls which should be 
opened during each month for the various stages in the lake on the first of the 
month, and curves showing the discharge which such gate openings would pro- 
duce. Plate 13 gives the rule by which the gates of the Stag and Wosdtick 
Island controls in the St. Clair river would be regulated, and diagram showing 
the discharge of the St. Clair river for the various stages in lakes Huron and 
Erie, with all the gates of these two controls both open and closed. The same 
per cent of retardation from ice was assumed for the controlled flow as existed 
for the natural flow. Plates 14 and 15 give the discharge to be allowed during 
the month for the various stages on the first of the month in the Niagara and 
St. Lawrence, respectively. 


154. This system of regulation materially changes the outflow of lake 
Superior, reducing the flow in the early part of the year and substantially 
increasing it in the fall. This causes the lakes to rise more rapidly in the early 
part of the year, and thus produces greater depths in the lake; and the increased 
flow in the fall reaches lakes Michigan-Huron at a time when their levels are 
beginning to drop, and thus tends to keep them up. Looking from a different 
angle, it may be said that the heavy inflows into lake Superior take place later 
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in the year than: in the other lakes. By reducing the outflow during the first 
part of the year lake Superior is made to rise more nearly synchronously with the 
other lakes, and by discharging larger quantities in the latter part of the year, 
the falling levels are also more nearly synchronized, This tends to keep the. 
depths of water in the navigation channels of all the lakes more nearly the 
same. 


155. The application of the rule curves of the St. Clair river, is such that 
over long periods of years the gates remain closed, except for an adjustment 
period immediately after completing the work. Two of these long periods are 
1863 to 1874, inclusive, and 1889 to 1903, inclusive, 12 and 15 years, respec- 
tively. 


156. Rrsutts SecuRED BY REGULATION WITH ParTIAL CONTROL OF THE ST. 
Cuatr River. The lake levels and discharges secured by this less complete 
control are shown in tables 9 to 12, and are shown graphically on plates 16 to 19. 
The results are summarized in the duration curves shown on plates 10 and 11. 


157. Eliminating as before the low levels occurring less than 2 per cent of 
the time, the range in level during the navigation seasons in the period between 
1894 and 1925 would have been as follows, had the system been in effect during 
that period :— 


Lakes High Low Range 
SUDOEION oso seicstss sual ae as ans Or 2 aCe IRE ek nO a eect 603-4 600-6 2-8 
Michigan-Huroild, 0) 52 fark mine cath ants eictna Sith cee ee Rts Seas 582-3 579-2 3-1 
Biren gg be. Beh cies ee LURE. Rotate ct maralt w S epaer Aa ae te eee BS 674-5 571-3 3-2 
ONCATIO’ ba. U5 al ere Sie grates Gir ea PARR Ne MPs alc ER MRL DNS oR a is 248-0 244-6 3-4 


158. These ranges compare as follows with those heretofore found (par. 124) 
for complete regulation and for the unregulated flow through the present out- 
lets: — 


; Range in stage, 1894-1925 
Lakes With With partial} Unregu- 


complete | control of | lated, with 
regulation |the St. Clair] present 
River outlets 
Sil ho,2) (alg Mere Regi aug eA he Auer Adige antl tale, Gataindnca hia ath wy Afoitus Ateicce Gye 2-4 2-8 2:8 
Michigan-Huronssst ht. 265. «eee be aa a See enon s 2-4 3-1 3-5 
A Das Cee ee Skee Plo 8 RIO i a eR eS ecg 2-8 3-2 3-3 
Ontario. HAA c<.dh setae Lee ofc bene. Seba ae peak. che See 2-9 3-4 4-2 


159. As compared with the results secured by compensating works, the 
system of regulation with the works proposed for the partial control of the flow 
of the St. Clair river would afford, therefore, but 0.4 foot gain in the low levels 
on lakes Michigan-Huron and 0.1 foot on Erie, if the high levels were raised to 
the same elevation in the two cases. 


160. As in the case of complete regulation this system would increase some- 
what the minimum discharge of the Niagara and St. Lawrence rivers, but would 
prolong the period during which low discharges occur. The irregularity intro- 
duced in the flow of these rivers would not be nearly as far reaching as in the 
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case of the complete system of regulation. The effect on the ordinary levels of 
Montreal harbour, as tested from 1914 to 1924 would be a reduction of a few 
tenths only in the harbour levels. A slight modification of the rule curves would 
remedy this effect. 


161. Works IN St. Cian River onty. The Board has considered a sug- 
gestion made by Mr. M. G. Barnes, Chief Engineer, Division of Waterways 
State of Illinois, that works similar to those just discussed be constructed in the 
St. Clair river only, for the purpose of raising the low water stages of lakes 
Michigan-Huron, without raising the high-water levels correspondingly. The 
control over the flow in the St. Clair river secured from the works suggested 
would rot be far different from that secured from those proposed for the 
modified program of regulation pust considered. If these works were operated 
as proposed in that pregram to hold back water when it could be spared from 
lake Erie, the gain in the levels of Michigan-Huron could not exceed that found 
from the modified program described, amounting to a few tenths only in excess 
of the gain that can be provided by compensating works. It must be recollected 
that to raise lakes Michigan-Huron one inch in a month, it would be necessary 
to hold back a flow of 40,000 cfs. during that period, and that this would lower 
the level of lake Erie by 44 inches. 


162. The present natural retardation of the flow of the St. Clair and Detroit 
rivers by ice gorging in winter serves to raise the levels of lakes Michigan and 
Huron; and, since it occurs just prior to spring rise in Erie, does not reduce the 
minimum navigation levels on the latter. Since the amount of winter retardation 
varies from year to year, the thought has occurred to engineers who have given 
lake levels long study, that it would be useful to provide artificial works to 
insure this retardation when nature fails to effect it. A study of the discharges 
of the St. Clair river under the program for complete regulation, shown on plate 
8, discloses that this is substantially the effect brought about by that program. 
But to bring it about it is necessary to construct very elaborate and expensive 
works on the St. Clair. The results that can be secured from less comprehensive 
works, which will at the same time afford free channels-of the capacity required 
for navigation, are indicated by results predicted under the modified program of 
regulation hereinbefore discussed, and would amount to a gain in the levels of 
lakes Michigan and Huron exceeding by only a few tenths of a foot the gain that 
can be provided by fixed compensating works. 


163. ComBinep ReauLaTion oF LAkes Erte anp Ontarto. An attempt was 
made to devise a program for the regulation of Lake Erie that could be put in 
effect in conjunction with the required regulation of lake Ontario to the mutual 
advantage of the levels and outflows of the two lakes. It was found, however, 
that the program arrived at after considerable study increased the maximum 
range of stage on lake Erie, and the fluctuations in its discharge, while at the 
same time the regulation of lake Ontario that could ‘be secured with the altered 
flow from lake Erie was not as beneficial as that which could be secured with 
the natural flow. The reason for this seeming anomoly is not difficult to dis- 
cover. The present natural discharge from lake Erie to lake Ontario increases 
gradually as lake Erie rises, and decreases gradually as it falls. Extreme 
fluctuations in Erie are therefore checked, while at the same time lake Ontario 
is not subjected to violent changes in inflow. It is not difficult to work up a 
program that would improve the present situation during a given sequence of 
unusually high or low supplies to the two lakes; but if such extremes happen to 
occur in a different sequence, the program is apt to aggravate rather than to 
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improve the situation. To devise a program that will best meet all extremes 
that have occurred is no small task; and it is well to recollect that such a 
program might not meet the combination of extreme conditions that may occur 
in the future. In any event, the only possible way by which the present . 
fluctuations in the levels of lake Erie can be reduced is by intensifying the 
fluctuations in discharge, and such course cannot serve otherwise than to render 
the regulation of Ontario more difficult in the long run and to decrease the 
benefits derivable from the regulation of that lake. 


164. REGULATION or Lakrs MicuHigAN-Huron AND ERIE FoR THE BENEFIT 
oF Powrr DrveLopMENT. The schemes for regulation of these lakes heretofore 
considered have been directed primarily to reducing the range of fluctuation of 
lake levels, in order to raise the low levels for the benefit of navigation without 
raising the high levels to the detriment of the cities and towns on the lake 
shores. It has been seen that the results attainable are small in relation to the 
cost of the works necessary to produce them. While it is true that the systems 
proposed effect at the same time a small increase in the absolute minimum flow 
available in the power reaches of the Niagara and the St. Lawrence, yet the 
systems greatly prolong the period during which low discharges occur. 


165. A study of the levels and outflows resulting from the program of com- 
plete regulation, shown on plates 8 and 9, indicates that during the period of 32 
years covered by the diagrams, a minimum flow of about 215,000 or 220,000 cfs. 
could have been maintained into the St. Lawrence (except during such times in 
winter as such a draft might be inadvisable due to ice conditions), and a 
minimum flow of 186,000 cfs. maintained out of lake Erie (Niagara River and 
Welland Canal combined) without causing a greater fluctation in the levels of 
the Lakes than actually occurred in their unregulated condition. Under such 
a program the benefit to navigation on the Great Lakes, as compared with the 
benefits to be secured from compensating works, would have been nil. The 
advantages, and disadvantages, to power on the St. Lawrence would have been 
roughly as follows:— 


(1) For about one-third of the time, during which the natural flows ranged 
from 186,000 to say 217.000 cfs. the flow would have been increased to 217,000 
cfs. 

(2) For another third of the time, during which the natural flows ranged 
from 217,000 to 240,000 cfs., the flow would have been decreased to 217,000 cfs. 

(3) For the last third of the time the flows would have been in excess of the 
capacity of the power plants in either case. 


166. Had the St. Lawrence river been fully developed for power, the output 
that might be classed as strictly primary would have been increased by about 
15 per cent, but the total kilowatt hours that could have been delivered from 
hydro-electric plants with installed capacity to utilize the natural mean flow of 
the river would not have been increased materially if at all. 


167. The redistribution in fiow would be of doubtful benefit to Montreal 
harbour. Taking the critical month of October, it is found that a flow of 217,000 
cfs. would raise the extreme low harbour levels occurring 10 per cent of the time, 
but would depress the levels occurring the remaining 90 per cent of the time. 


168. That any program of regulation of the Great Lakes must prolong the 
periods of lower outflow is not generally appreciated or even suspected; but is 
an inevitable consequence of the restricted discharge capacity of the outlets. 
An ordinary storage reservoir has a spillway capacity sufficient to discharge all 
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of the water that reaches it in floods, so that water can be stored at pleasure. 
The outlets of the Great Lakes, both separately and as a whole, are insufficient 
to discharge the water which reaches the Lakes during periods extending over 
several months in each year, and enlargements possible with the expenditure of 
millions of dollars will increase the capacity but by a relatively small degree. 
To maintain lake stages within their present limits of fluctuation it is necessary, 
therefore, to spread an increased discharge over a range of stage so wide that it 
infringes on the beneficial storage resulting from the present outlet regime. The 
storage of water by regulation must be limited to periods when all or most of 
the natural outflow has some present or prospective beneficial use. But the 
water so stored can be put to beneficial use only if the subsequent supply is 
below normal. If the subsequent supply is above normal the stored water must. 
be discharged at an accelerated rate, and has no beneficial use. 


169. Program DirEectep To Raistna Lake Ontario Livets. Power on, the 
International Section of the St. Lawrence might also be benefited by a different 
program of regulation directed toward reducing the fluctuations of lake Ontario 
so that it could be held continuously at high levels. The head on the upper 
power plants could therefore be increased and better conditions realized for 
maintaining the winter flow without creating current velocities incompatible 
with the maintenance of an ice cover. Such a program would, in effect, eliminate 
lake Ontario from the reservoir system of the Lakes, but inasmuch as its area is 
but about 8 per cent of the total lake area, its loss would not curtail seriously 
such beneficial effects of regulation as may at some future time be regarded 
ag worth their cost. Preliminary computations indicate that a program of 
regulation based on these lines is practicable. 


170. ReGuLaTION oF Lakm Erte ror NiAGARA Power. The regulation of 
lake Erie for the primary purpose of restributing the daily flow of the Niagara 
to the best interest of the scenic beauty at the Falls and power resources of the 
river has been suggested, but this phase of lake regulation is outside of the 
purview of the present Board. It is enough to say that there are a number of 
difficulties to be met in effecting such regulation, and the construction of works 
for the purpose cannot be regarded as probable in the near future. 


171. ReauLaTIon or Lake Ontario ALONE. The regulation of lake Ontario 
alone, in connection with the improvement of the St. Lawrence for navigation and 
power, forms the subject of a separate study, at the end of this appendix. 


COMPENSATING WORKS 


172. CompENsATING Works oN Niaacara River. It has been shown (para- 
graph 59) that the present diversions from lake Erie have lowered its level by 0.6 
foot, and that it may be lowered by a total of 0.7 foot after the new Welland 
Ship Canal is in operation. The compensating works herein proposed are designed 
to raise the low-water levels by 0.7 foot and the high levels a slightly less 
amount. The plans for the compensating works are designed to meet the winter 
ice conditions, and to fit in with works for regulating the outflow, should the latter 
be undertaken at some future time. 


173. During the winter an ice sheet forms over the eastern end of lake 
Erie, up to the shoal water at the head of the Niagara river, but from these 
shoals to the Falls the river runs open. Winter storms telescope the ice sheet 
against the shores and shoals, building it up into thick masses, and occasionally 
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large areas of lake ice are broken up and driven into the river. The volume 
of ice set in motion at such times may be judged from the fact that in December, 
1924, when the run of ice created by one storm jammed at the outlet of the. 
Niagara into lake Ontario, it filled in two days the lower portion of the river to 
a depth of twenty feet or more for a distance of 7 miles, and backed up the 
water level at the upper end of the reach some 20 feet above the summer level. 
If a jam should form in the portion of the river above the falls during a heavy 
run of ice, it would cut off the water supply to existing power installations, and 
might so curtail the outflow from lake Erie as to cause a rise in lake levels that 
cause widespread flood damage. The Board regards it as essential that any 
compensating works now constructed in the Niagara river, and any regulating 
works that may be undertaken in the future, be so located and designed that 
the danger of an ice jam in the upper river will not be incurred. 


174. Some of the plans heretofore proposed for compensating and regulating 
works in the Niagara River have placed these works just above the rapids at 
the head of the Falls. Since the level of the river at this point must be raised 
from 4 to 5 feet to produce the desired rise of 0.7 foot in the levels of lake Erie, 
the attempt to control the levels of lake Erie by works at this site would 
necessarily result in the slackening of the current through the pool by about 25 
per cent and consequently increase the risk of an ice sheet catching across the 
river, with the consequent formation of an ice jam. The future development 
of such works into regulating works would entail a still greater slacking of the 
current, and further increase the hazard. Aside from the question of flowage 
of the low Jand bordering the Grass Island Pool, the works at its foot for the 
control of lake Erie are not regarded as advisable. 


175. The construction of submerged rock sills in the narrow and swift 
portion of the river between Fort Erie and Squaw Island, as proposed in the 
Warren Report, would accomplish the desired compensation without interfering 
with the free passage of ice. Such works would, however, greatly increase the 
cost of a controlled enlargement of the discharge capacity of the river, should 
the installation of regulating works ever become advisable. 


176. Works IN NiAGARA River Proposep By Present Boarp. The site 
selected for the compensating works now proposed is therefore just above the 
contracted section at the head of the river. The construction proposed is shown 
on the drawing accompanying the main report. It consists of a longitudinal 
dike, 2,400 feet long, with a riprap weir 1,670 feet long connecting the upper 
end to the Canadian shore. The crest of this weir is to be but slightly below the 
river surface at low stages, thus securing at such stages an effective contraction 
by the longitudinal dike; but at high stages a considerable flow will pass over 
the weir, reducing the effectiveness of the contraction. The high levels of the 
lake will be raised by an amount somewhat less than the low levels. Four 
submerged rock sills are to be placed across the relatively deep hole in the main 
river channel opposite the dike, with crests at the ruling depth of this part of 
the river, which is 13 feet below the Lake Survey standard low-water datum. 
These sills are to have a stop width of 15 feet and side slope of 3 horizontal to 
1 vertical. The works proposed will not interfere with the light-draught navi- 
gation which occasionally passes through this section. Ordinary commercial 
navigation will not be affected, since it passes through the Black Rock canal. 
There is no risk of loss of effectiveness from the scouring of the contracted 
channel, since the river bed at the site is generally ledge rock. The structures 
will not interfere with the free passage of ice, nor produce any slacking of the 
current in the main river channel which would tend to cause ice jams. 
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177, EstrmAtTep Cost or Prorosep Works. The estimated cost of the pro- 
posed works is as follows:— 


Longitudinal dike: 


‘Cribwork, 2 SOOM sy Ss di SS: Okie RL aeh-d. else vorare tl deueseipes $178,880 
Concrete Capsc0.4 DONCULaVAS ih 200! n act cgeucre sys cue stel cistern otean aster 65,400 
Weir: Rock fil! (up to 10-ton stone), 36,000 cu. yds. at $6.50 ...... 234,000 
Submerged sills (up to 10-ton stone), 17,450 cu. yds. at $6.50...... 113,425 
é $591,705 
Tingineering and contingencies, approximately 20 per cent .. 108,295 

oD OCA Swat Ve cgousirs voile te, cs wf Seca hops jae Syal share lore Tuse eroc ct ct dabei shells Siaststore $700,000 


178. Errect ON OSCILLATIONS aT BurraLo. At various times in the past, 
objection has been made to the construction of compensating or regulation 
works in the upper part of the Niagara under the theory that this portion of 
the river now acts as a safety valve to check an extreme rise of lake Erie at 
Buffalo when westerly storms pile up the water at the eastern end of the lake. 
Computations show that the relief afforded by the increasing discharge of the 
Niagara river at such times must be quite small, and since the discharge will 
increase a little more rapidly with the compensating works than at present, 
these works will raise the extreme storm levels by an amount a trifle less than 
that by which they raise the normal levels. The storm levels will therefore be 
no higher than they would have been had no diversions been made from lakes 
Michigan and Erie. Even if the compensating works are eventually developed 
into regulating works, with a free passage substantially as wide as the present 
restricted section of the river, the effect on increasing the storm fluctuations of 
level at Buffalo would be negligible, if the gates were not opened to meet the 
storm rise; but by opening the Baves, the present situation might be somewhat 
improved. 


179. ADAPTABILITY TO CHANGING ConpiTions. The degree of compensation 
afforded by the works herein proposed can be controlled, within limits, by the 
elevation of the crest of the weir. The computed crest elevation required to 
provide the desired rise of 0.70 foot in the levels of lake Erie is approximately 
elevation 570, but discharge determinations made as the work proceeds will 
permit adjustment of the elevation of the last portion built. 


180. Should the diversions affecting lake Erie be reduced in the future to 
an extent such that these works would raise unduly the high lake levels, a 
reduction in the amount of compensation afforded can be secured by removing 
a portion of the weir. Should the construction of regulating works become 
desirable, sluice gates can be substituted for the weir to form a part of the 
control structure. 


181. Construction Prriop. The construction of any control works entails 
a reduction. in the outflow from the lake while it is filling. If the construction 
is spread over two years, the reduction in outflow should not exceed 3,000 to 
4,000 cfs. at any time; and such a reduction, if not made at the culmination of 
a, low-water period, will have no noticeable effect on the flow and levels of the 
Niagara and the St. Lawrence. 


182. CoMPpENSATING WoRKS IN THE St. CuAir River. As previously shown 
(paragraph 59), the present diversions and changes in the outlet capacity of 
the St. Clair river have lowered the levels of lakes Michigan and Huron by 
approximately 1.15 feet, and future extensions of the diversions may slightly 
increase this figure. ‘The lowering has been in progress for many years, and 
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has been in part discounted in constructions on the shores of the lake. The 
Board regards it as safe, however, to raise the levels of lakes Michigan and 
Huron by one foot. 


183. The compensating works proposed in lake Erie will raise the water 
levels of lake St. Clair by nearly 0.4 foot, and, with the present river channels, 
would raise the levels of lakes Michigan and Huron by a little less than 0.2 
foot. The compensating works proposed in the St. Clair river will, however, 
reduce this backwater effect on lakes Michigan-Huron to about 0.15 foot. In 
order to raise the levels of these lakes by one foot, it is necessary, therefore, to 
increase the fall of the St. Clair river by 0.85 foot. 


184. Works Proposrep oN St. Cuarr River. Compensating works in the 
St. Clair river must be designed with full regard to the great volume of com- 
merce that passes through the waterway. To this end, and to permit of the 
future deepening of the navigation channels to the maximum extent now fore- 
seen, the works recommended are a series of submerged rock sills, at the general 
locations shown on plate 20, with crests 30 feet below the low-water stage of 
the river. Eight of these sills are placed in the deep section of the river just 
below the gorge at its head, and are intended to compensate for the enlargement 
caused by gravel dredging in that locality, and to stabilize conditions in this 
controlling section of the river. A total of 23 more sills are distributed along 
the river from Port Huron-Sarnia to Marine City, at localities where the depth 
is in excess of 30 feet. The estimated quantity of rock required for the entire 
construction is 1,156,000 cubic yards. Since suitable rock for their construction 
is produced on a large scale for fluxing purposes, and is an article of the com- 
merce of the waterway, it can be secured and placed at moderate prices. The 
estimated cost of the works is $2,700,000. 


185. It is recognized that the number of sills required to produce the 
desired results cannot be foretold with assurance, for data on the effect of such 
deeply submerged weirs is meager. A study of all available data, including 
the actual effect of the wrecks of the two schooners sunk near the head of the 
river in 1900, indicates that the desired results possible may be secured with 
a fewer number of sills. It is not considered that conclusive data can be secured 
by experiments with small-scale models, or by further observations on dams in 
other streams when deeply submerged by floods, for existing data indicates 
that the effect of such weirs depends on the local conditions of flow. The con- 
struction of the sills should be prosecuted consecutively, their effectiveness 
determined by discharge observations as the work proceeds, such changes made 
in the location of the sills subsequently constructed as is dictated by the results 
of these observations, and the work stopped when the desired results are secured. 


186. ConstrucTION Prriop. The filling of lakes Michigan and Huron by 
one foot: will require a reduction in the outflow from these lakes by an amount 
averaging 8,000 cfs. for a period of five years. Since the full effect of the last 
weirs. constructed will not be realized for some years after their completion, no 
violent reduction in outflow will occur if the work is spread over four years 
time. To avoid accentuating the effect on existing diversions on the lakes below 
and on the St. Lawrence, the construction of the compensating works should be 
suspended during extreme low-water periods. 


187. ALTERNATIVE PLtans. The compensating works herein proposed run 
contrary to the controlled enlargement of the river that will be required should 
the regulation of its outflow be undertaken at some future time. For this reason 
the Board has given full consideration to a plan for effecting a part of the com- 
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pensation by closing one of the channels at Stag island by a dike that could be 
removed at relatively small cost if regulation works were undertaken. There 
is, however, a strong likelihood that the concentration of the flow in one channel 
at Stag island would result in the enlargement of that channel by scour, with 
consequent loss of effectiveness of the contraction originally secured; and the 
extent and cost of works required to prevent such enlargement can not be pre- 
dicted with certainty. At the present time, north-bound traffic follows one of 
the channels at Stag island and south-bound traffic the other, eliminating any 
risk of collision at the particular locality. While it is true that the use of a 
single channel by both up and down commerce is not hazardous in any ordinary 
sense of the term, yet the volume of traffic is so great that the unnecessary 
introduction of any additional risk whatever is inadmissable. The desired 
amount of compensation of levels can be secured at substantially the same 
probable cost without discontinuing the present local separation of traffic, and 
it is clearly inadvisable to subject important present commerce to disadvanta- 
geous conditions on the slight chance that some money may be saved in the 
future by such a course. 


188. Errecr or Ick Goratna. The ice conditions on the St. Clair river are 
the opposite to those in the upper Niagara river. As has been pointed out, the 
upper Niagara river always runs open, so that no ice gorging occurs. It is 
essential that compensating or regulating works preserve this condition, in 
order that the serious consequences of an ice jam may be prevented. The St. 
Clair river always closes in winter, with a consequent throttling of the winter 
flow. The effect of the diminished outflow is a part of the normal regimen of 
the lakes, to which all interests have adjusted themselves. Since, after an ice 
cover has once formed, any increase in current velocities tends to aggravate the 
ice accumulations, it 1s to be anticipated that the compensating works, which 
will cause local increases in current velocities, may increase the retardation of 
the discharge in winter. This effect will tend to increase the effectiveness of 
the works, and if found at all marked, can be allowed for by omitting some of 
the sills included in the estimate. 


189. COMPENSATION FOR ENLARGED NAVIGATION CHANNELS. The deepening 
of the navigation channels in the St. Clair and Detroit rivers will tend to increase 
their outlet capacities and consequently to draw down the levels of lakes Michi- 
gan and Huron. To counteract this effect it will be necessary to supplement the 
compensating works heretofore proposed, in a degree depending upon the 
dimensions of the channel provided for navigation. The situation does not 
arise on any other of the lakes, for at no other outlet does an open deep-draft 
navigation channel pass through the portion of the outlet that controls the level 
of the lake. 


190. The enlargement of the discharge capacity of the St. Clair river con- 
sequent to any channel enlargement that now can be foreseen is much less than 
is commonly supposed. The contracted section at the head of the river, which 
has a major influence on the discharge capacity, affords a navigable channel 
exceeding 40 feet in depth. The remainder of the river has navigable depths 
generally exceeding 30 feet, so that dredging will be required at isolated shoal 
reaches only. The excavated material can be disposed of most economically by 
placing it in the portions of the river that are larger than need be, so that a 
considerable amount of compensation will be effected automatically. The slopes 
of the river are generally so slight, and the enlargements required for navigation 
at the various shoal sections are so small in proportion to the present section of 

45827—8} 
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the river, that a convincing determination of the amount by which these slopes 
would be reduced on account of the dredging is scarcely attainable. A study 
shows, however, that an entirely uncompensated enlargement of the river to 
afford a navigable channel 30 feet deep with ample width for navigation could - 
not lower the levels of lakes Michigan-Huron by more than 0.2 foot, and a 
channel 25 feet deep by more than 0.1 foot. After considering the compensation 
that can be effected by the dredged material itself, it is considered that the 
addition of 4 additional sills at a cost of $400,000 will fully compensate for the 
enlargement of the St. Clair river required to produce a navigation channel 30 
feet deep; a total of 3 additional sills at a cost of $300,000 for that caused by a 
channel 27 feet deep; and 2 additional sills at a cost of $200,000 for a channel 25 
feet deep. The cost of compensating work becomes relatively more expensive 
as the amount of compensation of level increases. If the only compensation 
undertaken were for the increase in the present outlet capacity due to an enlarge- 
ment for navigation, the cost would be but about a quarter of the above figure. 


191. On the Detroit river, it will be practicable to so place the material 
excavated in the enlargement of the channel for navigation as to prevent any 
sensible. increase in the discharge capacity of the river, and any consequent 
effect on lake levels. This course was pursued in, the excavation of the Living- 
stone Channel, which is the most recent and the major enlargement of the river 
for navigation, and subsequent discharge measurements indicate that the desired 
result was accomplished. Most of the material to be excavated in this river 
is rock, so that the spoil will be suitable for the construction of contraction 
works, and there are sufficient sites at which such contractions can be made 
without creating conditions detrimental to navigation. The cost of so placing 
the excavated material is included in the costs of the channels hereinafter 
presented, 


EFFECT OF CONTROL OF LAKE LEVELS ON COST OF 
INTERLAKE CHANNELS 


192. The cost of improving the main navigation channels between and 
through the lakes, so as to provide the depths required in conjunction with the 
improvement of the St. Lawrence, obviously depends upon the levels at which 
the lakes are held. It is not possible to raise the lake levels sufficiently to 
eliminate channel dredging for this purpose; all that can be accomplished is 
to reduce the amount of excavation required. Furthermore, the cost of channel 
dredging will not be reduced in full proportion to the reduction of the yardage 
of material excavated, as the unit costs of dredging increase as the depth of 
cut decreases beyond a certain point. 


193. The lake levels determined upon as datum planes for navigation 
channels with various systems of control are shown in the tabulation below. 
Those for channels secured by excavation only are the levels which would have 
been available during the navigation season for at least 99 per cent of the 
time during the past 66 years, had the present diversions and the prospective 
diversion through the Welland canal been running continuously during that 
period, and had the outlets to the lakes been in their present condition. In 
other words they are the monthly mean levels which past experience shows will 
be exceeded except during one month in a hundred and through the entire navi- 
gation seasons of eleven years out of twelve. They are based on the construc- 
tion of the such relatively minor compensating works in the St. Clair river as 
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are necessary to preserve the present levels of lakes Michigan and Huron when 
that river is enlarged for navigation. The datum levels with the proposed com- 
pensating works are obtained by adding the amounts by which these works 
will raise the low levels of the lakes (paragraph 172 and 182). The datum 
levels with regulating works are obtained by again adding the reduction in 
the range of stage anticipated from the operation of such works (paragraph 
125 and 159), it being assumed that the regulating works would be operated 
for the benefit of navigation under the program described and to keep the high 
levels of the lakes from exceeding the levels reached by the compensating 
works. 
DATUM PLANES 


Michigan 
eS Superior and St. Clair Erie 
. uron 
PRoposeD PLANES— : 
Wath OUT CONLTOMMWOEKS jamie tans Seis ae aia, oka 601-0 578-0 573-4 570-25 
Wathrcompensatine: wOrkss qt cscs neces eae: 601-0 579-0 573 +75 571-0 
With completesregulationaane: 220s edecuren beau 601-4 580-1 574-00 571-5 
Wath anodinederesulation.. stot. seek bine. « 601-0 579-4 573-8 571-1 
PRESENT PLANES— 
United States datum for channel and harbour 
AUPLOV. CUUONUS com aa el cern teamdaes et peers: 601-6 579-6 573-8 570:8 
Canadian datum for channel and harbour im- 
PROVEMOH tS a LAe . eels ete aye (is 601-0 580; Olena aes 570-8 
HOT C Wa OLLATIC ake Ds Geeatl O arence ess cne ete Pe ee ee Te eee |e aoa ea ces stereos kee es 568-0 


It will be noted that the proposed datum planes for channels without control 
works are generally lower than the datum planes now adopted by the two 
countries. The latter were fixed prior to the recent low-water period. 


194. The cost of securing channels of 25, 27, and 30 feet depths, respec- 
tively, from deep water in lake Superior to deep water in lake Erie, at the lake 
levels indicated in the preceding paragraph, are shown in the following tabu- 
lations. - These costs are based on the deepening of existing channels, with 
such enlargements and rectification as experience with these channels has proved 
necessary. The estimates for channels 27 and 30 feet deep include the cost of 
a new lock in the St. Marys river, with chamber 80 feet in width and 1,350 
feet in length, and with 30 feet depth over the sills at the datum plane 
indicated. The Davis and Fourth locks, already built, will pass vessels of 
23-foot draft, for which the channels 25 feet in depth are designed. 


COST OF CHANNELS FROM LAKE ERIE TO LAKE SUPERIOR 


Cost of Cost of 
— excavation control Ce 
and lock works FPS 
TWENTY-FIVE Fert DErp— 
Ty Wathout: controlavorks «ily reebe Aro). ghee eerie. $45,900,000 | $ 50,000 | $ 45,950,000 
Ze atoscompensatingwOrKksiscc fees emi a toe Rear chiro 41,100,000 3,600,000 44,700,000 
SeeWabnpartial reculahon ie. scare et oe ee a cone 39,800, 000 14,900, 000 54,700,000 
4s Witnicompleterreeulation: «2. ees toes weePen os cee 36,800, 000 36,400, 000 73,200,000 
TWENTY-SEVEN Fert Drnp— 
de UWithoutrcontrol-wOLkss «fn. ufo e coat aes ae 66, 500, 000 100,000 66, 600, 000 
OWith: compensatin@-WwOrkss. ©. ce settee oe oie tee. ae hie 61,400, 000 3,700,000 65,100,000 
Saath: partialsresulations).Ae:., Cons. isa ek ee EEE 60,000, 000 14,900,000 74,900,000 
4a Withseomplete meg ulations ocjcaccn? ae -keet eer ture te 56, 900, 000 36,400, 000 93,300, 000 
Tutrty Fert DrEr— 
1. Without control works............. wee eee, Ot eee. oe 88,100, 000 100,000 88,200,000 
ZEW Tu COM PeNSatinSpwOLrKkss ccs, 5eM alas oe ep eae oe 82,400,000 3,800,000 86, 200,000 
3e Wathe partial: regulation: ..0....2.caostet ee sce ae. een. 80,900,000 14,900,000 95,800, 000 


4, With complete regulation........... ies See Baa, OS 77,400, 000 36, 400, 000 113,800,000 
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195. It will be seen that the cost of compensating works will be more than 
counterbalanced by the saving they effect in providing the main interlake 
channels. Their construction will effect also a saving in the cost of such 
enlargement of the harbours on the lakes as is undertaken in conjunction with 
the provision of deeper main channels. The amount of such enlargement that 
will be regarded as justifiable can only be roughly forecast, but general figures 
indicate that the raising of the lake levels by compensating works may save 
$5,000,000 in the cost of harbour works likely to be undertaken by the two 
countries. 


REGULATION OF LAKE ONTARIO ONLY 


196. Necressiry FoR ProcRaM or RecuuaTion. All plans for the improve- 
ment of the International Rapids Section for the benefit of deep draft naviga- 
tion and power include a major enlargement of the present control section at 
the Galop rapids, and the control of the outflow through the wheels of the 
power plants and the sluice gates of the dams. A program for the regulation 
of the outflow is therefore requisite. 

197. A number of studies have been made by several engineers on the 
regulation of lake Ontario in connection with the development of power on the 
St. Lawrence and these studies have been considered by the Board. An 
examination of the duration curves of outflow through the application of the 
several programs to past supplies to lake Ontario shows that the benefit to 
power operation obtained by any of them is not great. The minimum flow is 
increased only by decreasing the outflow available for a major proportion of 
the time. 


198. ENps SecurEep BY Proposrep Program. The program herein presented 
by the Board is drawn up to secure the following results:— 


(a) To keep the fluctuations of the levels of lake Ontario within the levels 
that it has had in the past. 

(6) To maintain, without impairment, the low water levels of Montreal 
harbour. 

(c) To maintain low flows during the winter period December 15 to March 
31, in order that the difficulties of winter power operation may not be 
aggravated. 

(d) To maintain flows during the first half of April no greater than would 
naturally occur, in order to avoid the danger of aggravating the spring 
rise during the breakup of the ice below Montreal. 

(e) To avoid any material increase in the amount and‘duration of the 
high discharges during May, in order not to aggravate high water 
heights in lake St. Louis during the Ottawa floods. 

(f) To hold back the natural excess outflow during the early summer 
months, in order to raise the ordinary levels of lake Ontario. 

(g) To secure the maximum dependable flow throughout the year for power 
operation. 


199. Speciric ProcRAM Proposrep. The rule curves on which the program 
is based are shown on plate 21. The regulated outflow for any monthly or half 
monthly period is to be determined by applying to the rule curve for the month, 
the level of lake Ontario at the beginning of the period, as established by several 
gages, the discharge so found to be modified by a correction based on the mean 
level of lake Huron during the previous month. The controlling sluice gates 
are then to be so set as to maintain during the period the required discharge 
out of the lake, through the turbines and sluices. 


200. Lake Huron Correction. The correction based on lake Huron levels 
is for the purpose of applying the forecast that these levels furnish on the supply 
to lake Ontario. The base levels of lake Huron are as taken as follows:— 
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1860 to 1888 After 1889 1860 to 1888 After 1889 
PAT Ura era wicie. chee « 581.46 580.66 PANINI SG lererereterouavencie 582.13 581.33 
May?) Ake ete ea): 581.78 580.98 September ...... 581.95 580.15 
duneprectass tees: 582.04 581.24 October ews o8ie 78 580.93 
Cte hae ceaene oe Aa Ree 582.18 581.38 November 3... ....2- 581.52 580.72 


When the monthly mean level of lake Huron is above its base level for the 
month the regulated discharge from lake Ontario for the following month, 
as determined from the rule curves, is increased at the rate of 10,000 cfs. per 
foot of excess of lake Huron level; when the monthly mean level of lake Huron 
is below its base level, the regulated discharge from lake Ontario is decreased 
at the same rate. The correction is not applied, however, to increase the dis- 
charge during the first half of April, nor to increase the discharge during any 
month above 310,000 cfs. No lake Huron correction is made in the winter 
months, December to March inclusive, since such correction might unduly 
increase the flow during these months. 

201. Thus, in June 1876, the mean level of lake Huron was 583.22 or 1.18 
feet above the base for that month. The lake Huron correction for July, 1876 
would have been 12,000 cfs. The regulated stage of lake Ontario at the end 
of June would have been 248.22. The discharge for July, from the diagram, 
would be 307,000 cfs. The correction would bring the regulated discharge to 
319,000 cfs. The regulated discharge is therefore taken at the maximum of 
310,000 cfs. The computations of the effect of the program of regulation are 
illustrated in detail in table 18, which shows the derivation of the regulated 
levels and outflows for the years 1860 to 1862, inclusive. 


TABLE No. 18.—TYPICAL COMPUTATION, PROPOSED REGULATION OF LAKE 
ONTARIO ONLY 


Supply L. Huron Storage Level 
to Dis- correc- |Corrected for Storage at end 
Year Month | Ontario | charge tion discharge] month (ft.) month 
(a) (b) (b) (b) (a) 
L860 tesvercrar.0 CIULTDG spay RAD Soca S [lect Sant peal ahs cA le bae yep SI edt cy A Com Nie RN Sh a 247-28 
July 264 268 +11 279 —15 —0-19 7-09 
Aug 236 258 +11 269 —33 —0-41 6-68 
Sept 245 251 +11 262 —17 —0-21 6-47 
Oct 254 247 +10 257 — 3 —0-04 6-43 
Nov 267 268 +9 Dp — 5 —0-06 6-37 
Dec 248 BOO HM eee et 300 —26 —0-32 6:05 
DG a Rhea ae 216 +16 +0-20 6-25 
TSGTe aerate Jan 229 210 hi ed eae 210 +19 +0-24 6°49 
Feb 257 QOS Mes ee) San 223 +34 +0-42 6-91 
Mar 270 PF GIS SER Be 4 242 +28 +0°35 7:26 
April 323 ZOS AR te tatae 268 +28 +0:35 7:61 
293 +9 302 +10 +0-12 7-73 
May 350 291 ane 300 +50 +0-62 8-35 
June 307 310 +12 310 — 3 —0:04 8-31 
July 282 310 +13 310 —28 —0-35 7:96 
Aug 265 288 +13 301 —36 —0-45 7-51 
Sept 273 289 +14 303 —30 —0-38 7-18 
Oct 295 288 +15 303 — 8 —0-10 7:03 
Nov 276 304 +15 310 —34 —0-42 6-61 
Dec 259 BAI} SR Re oe 310 —26 —0-32 6-29 
be Eee hcet Metal LONcs oats to DISTRI Lae 218 +20 +0-25 6-54 
bie quo aa een Ee Jan 214 D120 Ra ae 212 + 2 +0-02 6-54 
Feb 242 Pp) bs pee 5 224 18 +0-22 6-78 
Mar 293 DAO din Solna 240 +53 +0-66 7-44 
April 355 DAO Ae eth eee ee 272 +42 +0-52 7-96 
310 +11 310 +22 +0-28 8-24 
May 331 310 +11 310 +21 +0-26 8-50 
June 297 310 +11 310 —13 —0-16 8-34 
July 287 310 +10 310 —23 —0-29 8-05 
Aug. 249 292 +9 301 —52 —0-65 7-40 
Sept. 233 283 +9 292 —59 —0-74 6-66 
Oct. PRIS 256 +9 265 —30 —0-38 6-28 
Nov. 244 247 +14 261 —17 —0-21 6-07 
Dec. Pay DEEN ae iiss eck: 239 +9 —0-11 6-18 
PNW ill ade ae, Baia. PAE +20 +0-25 6-43 


(a) In thousands of cubic feet per second. (6) In thousands of cubic feet per second per month. 
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202. Resutts Securep. The program was tested by applying it to the 
conditions that would have obtained from 1860 to 1925 had a diversion of 8,500 
cfs. from the lake basin been continuous during the period. The resulting levels 
and outflows, month by month, together with the natural levels and outflows, 
are shown in table 19. The duration curves of outflows, and of lake levels are 
shown on plates 10, 11, and 22. 


203. An examination of the results from the proposed program shows:— 


Without regulation 


With With 
— actual continuous Regulated 
diversions diversion 
of 8,500 cfs. 

Maximum level Lake Ontario at end of 

any. MONCH: sack «mes ew kine once oe 248-79 (May, 1870)|248:37 (May, 1870)|248-95 (May, 1870) 
Minimum level, Lake Ontario, at end of 

AN VALON Cs ee TATE ee, ee 243-42 (Nov., 1895)|243-00 (Nov., 1895)}243-58 (Nov., 1895) 
Level of Lake Ontario exceeded 90 per 

cent of time during navigablon seasons i240 40! 8 own aloes see Ura ce eenees 245-6 
Number of months in 65 years in whic 

stage of Lake Ontario exceeded 248-1 

(atvend tofamonth) een act ea eens 26 8 20 
Maximum monthly mean outflow......... 318,000 cfs. 310,000 cfs. 310,000 cfs. 
Minimum monthly mean outflow......... 174,000 cfs. 166,000 cfs. 182,000 cfs. 
Outflow exceeded— 

O90 per cenkOl tine Aas eee Se eee lie ne ees eile etre etre ease 199,000 203, 000 

TO DELCentOlabiI Cees ore eee a elle eee, eee eee en 223,000 212,000 

HO PEL CEN Ol LMG etre try ee eee er |laecerearcetaemaren armen: ...{238, 000 233, 000 


204. The program would maintain the flow during the summer and fall 
months sufficiently to preserve completely the low water levels of Montreal 
harbour resulting from the unregulated flow. The regulated flows during the 
first half of April would not exceed, in amount or frequency, the unregulated 
outflow. The maximum, regulated flow for May would not exceed that which 
has occurred in nature. 


205. The regulation of lake Ontario, in such manner as to injure no 
interest, and at the same time to effect some improvement of lake levels and 
outflow, is therefore wholly practicable. 


206. ACKNOWLEDGMENTS. The program for the complete regulation of the 
lakes, described in this report, was conceived and worked up by Mr. E. W. 
Lane, temporarily employed as Assistant Engineer, and placed in charge of the 
investigations relative to regulation. The program for the regulation with 
partial control of the St. Clair river, and the studies looking to raising the 
levels of lake Ontario, were conceived and worked up by Mr. F. G. Ray, Senior 
Engineer, U.S. Lake Survey, assisted by Mr. Sherman Moore, Associate 
Engineer. Mr. Ray’s intimate knowledge of the behavior of the Great Lakes, 
gained by his long service in the United States Lake Survey, was drawn on 
throughout. 


207. The program for the regulation of lake Ontario was formulated by 
Mr. D. W. McLachlan, Chairman of the Canadian Section of the Board. Minor 
modifications of the program were worked out by Lt.-Col. G. B. Pillsbury, that 


it ee rigidly meet all of the requirements set forth in the preceding para- 
graphs. | | 
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TABLE 1—LOCAL SUPPLY TO LAKE SUPERIOR. 
In Thousand Second Feet 
— Jan. | Feb. | Mar. | April} May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. | Average 
1860. 16 40 | 129 | 180 | 168 | 129 | 108 | 112 | 109 85 13 1 90-8 
1S) eee Mees 12 9 123 266 235 162 133 91 99 58 |—22 |—30 94-7 
1862. —7 48 93 207 210 92 122 151 113 36 |-— 9 11 88-9 
1863. 29 23 53 105 90 90 211 205 72 7 6 15 75-5 
1864. —10 44 85 101 129 122 101 111 68 5 17 16 65-8 
WSODN o6 cat 34 40 114 232 236 222 171 122 71 |—23 |—57 |—20 95-2 
HSGOR eos 35008 —11 28 | 142 | 198 | 159 | 174 | 185 97 53 45 51 63 98-7 
PB OKi sc accshsick 19 24 80 97 200 262 141 97 115 ey 29 Oi —36 5 86-1 
MSGOSE ccd s ok —45 25 166 180 142 112 118 102 113 116 51 |—22 88-2 
BSGOR odd 4 + —53 86 | 246 | 158 | 156 | 288 | 328 | 186 |—27 |—62 |—58 100-2 
ASHORE oss ges 5 9 i3 99 157 116 89 126 123 99 37 |-102 |-103 57-8 
LGV (i) See ae —41 | ples 246 189 123 112 119 99 66 |—56 |—83 85-7 
STOR «5 isc do om 16 26 25 156 253 198 168 157 114 58 19 20 100-8 
1873. a 18 84 159 212 192 178 145 101 65 24 |—33 96-0 
SHAR ore cack 3 69 85 102 127 192 179 133 129 84 15 |-— 8 92-5 
1875 26 81 86 124 189 160 115 155 123 57 40 19 97-9 
STOR oso, ccave alt 17 31 68 178 299 294 203 121 46 32 82 |—10 109-3 
1877. —10 |j- 2 31 69 117 193 171 84 67 61 42 55 73-2 
SUSE, «,..K-.c4aiek 81 |—45 60 114 171 146 79 38 63 61 |-— 9 37 56:3 
SS ee 76 107 37 |—75 42 148 133 76 69 75 |— 7 |—25 54-7 
1880. 28 36 42 | 161 | 299 | 247 | 115 88 85 69 34 |— 4 100-0 
ESRI s ccst's 0 15 38 43 107 203 172 108 135 191 148 41 |—11 99-2 
So)? SEO TRE c —18 10 42 87 112 166 187 121 71 60 54 14 75+5 
Re, RR tae —13 13 Bp 13 13 91 | 142 | 130 92 46 26 37 52 71-0 
1884. 36 23 14 63 141 133 104 126 190 126 33 6 82-9 
RSBOR . d..o52.0.-8 7 25 48 A115 B80 wiet7e aielsl ye104 50 33 3 |—10 73°6 
NSSBh as, cep teee 16 32 TL Piet 25 Wa eats 81 69 99 76 34 |— 1 71-8 
LCS ae ie 21 127 145 55 62 157 149 76 47 35 3 17 74-5 
SBOE. ccccsescl? 51 51 50 143 283 263 154 114 73 59 8 |—34 101-3 
TESS) ie Se —18 |-5 40 | 129 | 156 | 185 | 150 | 140 82 5 |-27 |-— 2 65-4 
ASOD! . asad oak 25 \—78 14 90 177 209 161 131 100 42 |-19 |—47 72-9 
15S) eee —23 30 45 89 112 113 101 61 79 66 |—15 1 54-9 
HSOZE 8 oc.s.00 6 15 9j—18 31 || 113 | )183 143 99 | 103 68 29 |—9 |-81 60-5 
GORE cicic a=) — 9 41 TA QV 157 Al 234 W216 188 75 56 44 8 |-4 85-8 
1894. 1 42 97 225 249 136 121 98 78 83 45 |j-—1 97-8 
1895. —12 it 24 115 191 173 129 120 124 54 |—23 |-— 8 74:0 
MSOC kick acl 4 0 48 97 251 O16163 210103 66 4 39 69 28 72-7 
1S OU iiisccnk vk 10 12 61 135 190 194 161 103 45 4 |—40 |—59 68-0 
LES a) SRR IE —2Oi\—1 6 27 103 188 230 172 122 92 40 7 |-21 77-3 
1889. —26 35 66 182 282 213 159 149 95 45 37 |— 8 102-4 
NODE so e.c okt Ls 2 19 84 114 126 179 232 197 103 25 |—36 86-0 
Average— 

1860-1900... 7-2) 26-3] 69-7} 135-0) 177-6} 167-9) 142-5] 119-3) 92-2) 51-5} 6-2)— 7-5 82-3 
LC See ee —29 |-17 24 | 109 | 141 | 179 | 188 81 62 71 11 |—41 64-9 
GO oi evés go ce —28 |— 2 42 125 169 163 116 84 63 55 36 |—25 66-5 
NOOSE cc. fs tack —35 |— 4 TA Bele B15 wig Sie e131 Be103 Fie106 66 |—23 |—39 79-3 
1904. AG 22 41 112 176 50 115 123 141 108 |— 2 |-—38 78-5 
ODOR a srcceh se —24 |-—7 87 152 149 165 159 145 129 68 25 9 88-1 
GOCE «263416, 6, 8 =i wih 27 121 186 15 113 96 73 38 17 6 67-9 
NOOUR Canad. ct 9 19 46 99 | 174 | 183 | 148 | 167 |} 131 40 |-19 |—48 79°1 
1908 —35 2 25 115 225 221 146 75 29 |— 8 |—23 |—15 63-1 
1909. = 22 Fi 2 25 100 167 164 150 118 63 57 68 38 77:2 
TAO) ea ee O20 42 102 108 91 84 86 65 26 j-19 |—40 41-9 
ONY, a astea $3 —31 |-—24 |-— 9 78 75, 194 195 155 eh 37 13 12 72:7 
1912. = Ono 40 135 184 140 118 117 60 34 |— 1 |—26 67-5 
1913. —43 |-—9 70 158 187 167 140 105 133 69 21 |-—7 82-6 
TOMA... asepesbie. ce —=11 9 )—21 4 7, 172 150 121 97 75 29 |—23 |—35 56-3 
1)0 0 eee ee: = Al 2 5 88 170 182 151 103 140 143 70 38 90-9 
TOO SRN eieiae & 24 j—11 58 | 214 | 264 | 210 | 143 | 140 | 108 60 28 |-— 7 102-6 
NOME ere ye 3th —28 11 63 98 145 138 102 88 72 33 {—13 |—29 56:7 
1918. —15 |j- 1 18 81 166 155 111 108 79 72 51 10 69-6 
A OUOY nics «ak — 2 |-17 43 115 126 112 VE 45 35 45 28 |-—15 49-3 
1920. —13 Pa) 113 138 155 170 117 78 33 1 j-17 |-—12 65-8 
GOAN. ie stbie ste —29 |—44 40 151 170 127 110 12 20 |—23 |—45 |—52 41-4 
Oye sya crete —51 |—13 48 153 168 135 115 79 21 |—12 |-—24 |—34 48-8 
Ns 3 cack sole —=—32 9 —27 16 85 102 105 117 78 54 388 |— 1 |—29 42-2 
NODA ss xo e Ae —25 |—37.|/-— 1 74 96 83 108 133 91 26 |—16 |—53 39-9 
O25... ici —35 |-— 8 32 79 117 els 97 59 43 17 |-—25 |—49 38-2 
Average— 

1901-1925...|—19-6]— 8-3] 38-9] 119-1] 164-3) 154-1) 126-9] 101-4) 76-9} 48-6} 4-7)—19-2 65-2 

“9 


1860-1925...]— 2-9 


13-2} 58-0) 129-0) 172-6) 162-6) 186-6) 112-5 


86:4, 48-5] 5-6|—12-0 


Sept./Oct. | Nov. | Dec. 


90-4) 71-6) 73-2) 86-5 
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TABLE 2—TOTAL SUPPLY TO LAKE MICHIGAN-HURON 
In Thousand Second Feet—8,500 Second Feet Deducted for Chicago Diversion 
— Jan. | Feb. |Mar. |April | May | June | July | Aug 

1860......7..4| 202 196 225 255 262 262 200 136 
ASOl cha MIN LOS 301 324 331 347 293 307 209 
ihe {Oy eee WEL! 121 198 321 297 302 221 189 195 
TSOSea eee 211 189 251 269 218 162 129 
18623552, Aa U2 231 192 236 Siva 163 128 86 
L860 ceccced oe to 219 334 350 235 300 307 175 
1866; ccccch. eit 92 129 287 331 290 313 260 164 
SOF eee LOS 242 278 314 311 310 218 112 
LSGSe ayaa a malas 326 324 226 301 243 111 45 
LSGO, oe leh a G7. 117 184 347 376 408 340 235 
18400 02....61 8204 276 349 380 313 263 213 211 
TS eae 212 303 390 336 305 232 164 |-—7 
UST eeu wenn Lal 119 182 291 330 279 187 166 
1S Tare aie Map O 257 378 452 467 350 214 180 
LSTA ae atsne| tad 2 244 203 167 272 284 185 148 
TSAO Oe MN L238 189 272 366 375 294 242 222 
1SAGS, Sea 237 276 298 405 440 423 304 197 
LST Re Sat saan OS. 178 188 233 183 242 210 138 
ASS eo keO 168 219 279 BY) 255 164 107 
AGIOS ee LO 119 186 223 243 231 167 130 
TESORO ce BETS 162 206 292 396 383 255 142 
ASS iy aE 233 309 215 289 347 264 200 137 
L882 2 ce a one sO 223 294 277 288 298 265 205 
TSSo Mor ew ee 140 216 222 363 427 436 362 186 
1SS4 eee Ae LAO 201 301 325 292 236 175 114 
1885500) 15 254 226 236 338 366 | 301 288 244 
SSO waste 213 226 317 342 311 216 145 136 
1887 eee Ween 247 333 | 220 236 283 247 184 95 
BSS Loe aa £4015) 27 270 2) 83604359 M286 18206 ele ot 
SSO ce dbs ae 161 147 159 193 302 347 213 126 
1S9Oy. Sache eal SL 145 224 298 3840 | 324 216 135 
ASOD Tce rt 107 151 249 299 225 185 157 119 
1S92 Reeth. we 200 152 163 256 347 333 237 164 
Eo Eo eernky ceelh wiles) 185 294 | 390 364 | 289 180 86 
1894..........}] 182 224 269 341 348 279 186 86 
SOD sats te ace 85 131 207 242 227 181 140 110 
SO Gavan at. ae 202 144 165 267 328 259 172 141 
NOOR ar ea ae ge 214 278 362 359 296 229 127 
SOS pe Moy ATS 247 330 318 255 236 162 84 
SOO. cece a bys 127 205 199 331 381 338 235 135 
1900). coe bee 108 161 177 248 256 262 260 225 
Average— 

1860-1900...| 162-4] 207-8] 251-7] 302-8} 318-6) 282-4) 213-1] 144-5 
MOOT ees hee 81 | 134 | 248 | 283 | 269 | 248 | 238 | 165 
OOD ate: Ree 37 98 219 279 320 324 271 119 
1903. 96 189 2713 277 247 272 215 194 
OOR ete teas 116 183 313 386 376 316 203 160 
1905... 41 101 251 348 359 344 232 177 
1906. . 200 206 226 293 297 247 206 122 
1907.. 138 147 224 290 316 313 206 166 
1908.. 88 13% 201 373 364 304 222 82 
1900 Ae eee 113 157 209 366 378 257 188 122 
1910. 83 143 247 290 263 190 136 140 
1931. 95 124 182 278 311 234 144 127 
1912 83 122 196 330 414 308 220 240 
1913 109 139 350 413 285 244 203 120 
1914 86 116 151 252 301 278 198 129 
OTe ence LON ee 108 178 132 173 243 239 257 194 
POMGES ven eke 153 179 241 393 439 Weel 216 97 
1917. 102 147 280 352 syle |, BW) 296 148 
1918. 131 222 304 277 aroes 271 172 108 
1919. 100 159 270 348 299 188 124 78 
1920. 65 134 284 349 257 265 239 163 
HL QO rales be dae 125 122 280 344 236 163 101 95 
192 a. bee 57 158 341 414 330 253 202 125 
19238. 56 108 250 | 328 333 257 162 119 
1924) foe 124 147 194 297 293 245 245 181 
N9ZD. cena hoe OO 153 196 189 Wee 198 156 87 
Average— 

1901-1925...| 97-9) 148-1] 242-5) 317-0) 312-3) 269-3} 202-1) 138-3 

1860-1925...) 138-0} 185-2} 248-2) 308-2) 316-2) 277-&) 209-0) 142-2 


96-4) 83-2) 79-9) 103-2 


Average 


177-5 
234-2 
195-4 
187-0 
144-8 
181-9 
190-8 
173-2 
171-0 
212-8 
210-2 
152-9 
156-0 
255-0 
173-8 
219-1 
249-8 
182-0 
176-1 
161-2 
197-6 
233-2 
195-2 
237-8 
198-2 
234-7 
195-7 
175-5 
193-4 
165-5 
180-5 
150-0 
177°3 
189-8 
181-3 
132-7 
179-3 
193-1 
175-9 


St. Lawrence Waterway Project 123 
TABLE 3—LOCAL SUPPLY TO LAKES MICHIGAN-HURON 
In Thousand Second Feet—8,500 Second Feet Deducted for Chicago Diversion 
— Jan. | Feb. | Mar. | April] May | June | July | Aug. | Sept.| Oct. | Nov.] Dec. | Average 
S608... hs 108 108 138 162 160 156 94 28 |— 4 |—48 |— 6 42 78-2 
TSGI ead 110 220 246 244 242 184 194 96 10 30 18 30 135-3 
1862.. 38 120 242 218 204 122 90 92 62 0 |—16 66 103-2 
18638.. 120 132 114 176 188 138 78 30 34 |—12 86 146 102-5 
ESGAe 0. 6c}. . 3 38 162 122 166 240 82 44 2 |-64 |—28 34 16 67-8 
1865.. 64 154 272 278 148 204 202 68 4 |—94 |-118 |—34 95-7 
1866. . —20 62 220 254 204 222 162 60 32 38 6 16 104-7 
1867.. 112 162 202 234 228 212 112 8 |—54 |—98 |-108 |—28 81-8 
1868.. 48 260 250 148 210 154 16 |—48 |—28 8 |—2 |-— 4 84-3 
1869. 86 42 120 270 286 318 240 124 |—50 |—40 |—16 38 118-2 
LOGOS os ace e 118 196 268 298 220 174 118 116 48 |—78 |—74 70 122-8 
1871. 138 232 326 268 224 142 74 |-100 |-2832 |—76 |—58 |—76 71-8 
AOA as eee 72 52 120 230 248 194 92 64 382 |—14 |-150 |—78 71:8 
1873. 102 184 304 378 380 260 114 74 34 32 30 80 164-3 
1874. 130 166 128 94 190 192 84 46 32 |—62 |—20 18 83-2 
US 4oe. 26. 36 108 192 280 282 194 140 120 54 28 10 56 125-0 
1876. 152 192 220 326 344 314 184 76 |—28 |— 6 28 |—16 148-8 
LS TOE: ec ctw d 64 88° | 100 148 98 152 iy 38 42 82 84 82 90-8 
1878. 64 92 146 206 246 170 76 20 54 74 30 |—28 95-8 
1879. 12 62 134 168 180 164 94 56 42 22 82 136 96-0 
T8808 os st 124 108 154 240 326 296 162 52 |—22 |—28 10 44 122-2 
1881. 158 236 142 218 266 178 110 48 128 174 76 34 147-3 
1882. 48 146 220 204 206 214 172 110 10 |— 8 |— 2 4 110-3 
1883.. 66 | 144 | 150 | 290 | 354 | 354 | 276 90 0 26 80 66 158-0 
1884.. 36 132 234 262 220 162 96 34 80 78 8 126 122-3 
1885.. 178 152 166 271 286 213 196 147 64 35 18 103 152-4 
1886.. 142 159 50 275 233 135 60 48 59 40 |-13 27 117-9 
1887. 178) M267 WLSd GOLA eh 212) HL66 94 8 |—37 |—47 |—26 44 99-0 
1888. . 71 | 156 | 208 | 274 | 283 | 190 | 107 52 |—10 17 |-—18 2 111-0 
1889.. 89 81 92 | 126 | 224 | 265 | 126 39 |— 7 |—45 |—18 89 88-4 
TS9OR cc actond 110 85 164 239 272 244 129 50 14 9 |—89 2 106:6 
1891.. 48 90 191 237 154 115 85 47 |—25 |—60 if 110 83-3 
1892.. 138 97 112 202 282 261 162 89 12 |—17 |—16 15 111-4 
1893.. 76 136 245 336 | 299 214 102 6-|- 7 |—-1 |-4 81 123-6 
1894. 121 165 212 277 265 191 96 |— 4 |-21 |— 4 |—25 |—34 103-3 
1895. 10 58 138 174 151 97 52 22 |—44 |—63 |—33 58 51-7 
IS9GF. cash on 131 73 98 198 248 171 81 5 18 18 28 76 99-2 
1897. 97 145 208 291 280 210 138 34. |—48 |—24 |—16 24 112-0 
1898. 106 185 271 256 186 159 80 0 1 5 |-25 |-— 4 101-7 
ists Bpieete Bae | |e dtaey 138 133 267 299 249 141 39 |—38 |—29 |—33 |—34 99-2 
190GS.. sae. 24 85 105 176 180 184 178 139 93 73 20 |—24 102-8 
Average— 
1860-1900...| 87-8) 137-4] 183-2) 232-5) 237-8] 195-5) 121- 50-5} 6-0)— 2-3)/— 4-4] 32-7 106-5 
NOON co Loe 1 59 180 213 193 169 151 75 |— 9 |—20 |—27 |—26 79-9 
1902;......}...4/=30 36 162 218 254 254 197 43 |—22 34 15 |-— 6 96:3 
1903H =. <4: < a1 Sl 128 213 215 177 194 135 113 109 4 |-61 |—7 104-3 
19048... . Tet 44 112 246 315 300 234 118 le 60 11 |—59 |—25 119-1 
1905:......:.. 5/37 30 184 274 279 261 144 89 8 |—33 |—14 41 102-2 
F906. 3-2. TS 129 152 217 215 161 117 34 |—15 12 58 73 105-9 
TOOEs ....4.. He 64 76 158 219 243 234 121 KG 42 |—34 |—30 39 100-8 
TOOR HE eee lead LS 68 136 311 296 225 134 |— 7 |—80 |—102 |—68 |— 2 77:0 
19098... 4. tT 46 97 156 312 319 189 115 40 |—57 |—46 50 33 104:5 
YSU Pen ee] ab ce 185 230 201 121 64 67 55 7 |—32 |—32 79°6 
190... fe 40 73 133 228 257 178 85 65 56 49 74 92 110°8 
TORZS cac-c de Me 2 68 143 279 350 245 157 173 97 60 67 41 142-7 
TOUS O. oe ncete at 47 78 292 351 218 175 132 47 |-—1 5 17 We 114-8 
1914.. 15 48 86 188 232 206 125 54 30 |—42 |—68 |—13 71-8 
WONG Reka ces ok 42 111 66 110 173 167 180 116 27 |-— 3 8 31 85-7 
1916.. 83 110 172 319 356 278 117 |-— 8 |—48 55 89 30 129-8 
1917.. 11 59 194 262 281 306 209 12 0 138 |}-—10 |-—1 116:3 
VOUS. oc ces ke ot 71 164 245 219 268 206 114 47 4 34 104 75 129-3 
1919. 45 106 217 295 244 135 70 26 20 49 16 5 102-3 
1920.. 8 78 228 294 183 188 158 63 8 |-— 2 3 43 104-3 
POZO hod. ca 42 68 228 291 188 117 47 41 55 26 44 50 102-3 
1922. 15 114 297 370 286 212 159 81 0 |—45 |—61 1 119-1 
1923. 8 59 199 277 278 203 109 66 49 |— 4 |—14 8 103-2 
j O22. Fees a 74 97 143 245 240 195 198 131 338 |—63 |—71 |—30 99-3 
1025. can. t 8 102 144 135 122 145 108 30 |—26 |—27 |— 3 41 64-5 
Average— 
1901-1925...| 33-1) 85-9] 182-4) 255-5) 246-3] 199-9] 130-4) 64-3) 16-0)— 2-5 1-1) 19-1 102-6 
1860-1925... 9-8|/— 2-3}— 2-3] 27-6 105-0 


67-1) 117-9} 182-9] 241-2) 241-0} 197-2) 124-6) 55-7 


124 


Average— 


1860-1900... ° 


HOOT ea eee 
POC ea sosete oe 
TOOSK t06 cae 
LOCA Saco gent 
MOOD aiecn a yee 
W9OGS scmenaicnd 
KOO seodtes 
NOOS'. Fae eetewe 
1909 see Acct 
TOMS sc ceeceee 
TOM Sie cacte at 
MOS os saieteons 
OVS es caw engin 
NOTA cee oe 
VOLS Siesta 
TORG Te 5 o's dont 
th 76 Beene pore 
TOUS Ses. dbo e 
BOTGEs patent 
LODO Ree cacte nt 
ODOR iranteck 
19221... 
1020455 25 atao8 
NO28 cacclecctwat 
(eee Oe 
Average— 
1901-1925... 


1860-1925... 


St. Lawrence Waterway Project 


TABLE 4—TOTAL SUPPLY TO LAKE ERIE 
In Thousand Second Feet—8,500 Second Feet Deducted for Chicago Diversion 


Jan. | Feb 
175 211 
73: 206 
203 | 206 
261 | 242 
182 | 215 
135 | 160 
160 | 196 
165 | 195 
145 | 181 
177 | 203 
235. Hels 
170 | 199 
162 | 154 
T67— HeLa 
237 | 218 
158 Het 
226 | 279 
175 F178 
219 | 227 
171 191 
230 | 211 
164 | 210 
241 | 249 
202 224 
202 | 240 
174. HELO 
186 | 152 
214 | 285 
181 182 
198 | 180 
248 | 234 
190 | 226 
174 161 
161 194 
205 | 182 
155 154 
175 | 165 
194 | 209 
201 211 
187 | 192 
198 | 219 
189-7} 201 
157 | 144 
152 | 158 
189 | 223 
174 | 222 
166 | 156 
206 | 178 
221 175 
212 211 
189 | 207 
172 | 204 
170-7 
171 176 
255 | 228 
177 161 
178 | 198 
228 Be ly 
187 | 186 
154 | 216 
216 226 
126 | 147 
199 | 209 
167 -| 175 
168 | 165 
205 | 179 
156 | 187 


7 


208 
221 


2 


April} May 
285 | 250 
310 | 267 
SOL Wear 
246 | 237 
276 | 261 
273 | 244 
247 «| 233 
253 +| 164 
271 | 254 
245 | 259 
270 | 240 
254 | 237 
PAIR || PRY 
311 256 
230 | 229 
237 | 247 
282 | 267 
244 | 230 
260 | 244 
236 | 223 
234 | 236 
268 | 252 
254 255 
241 | 280 
2 Werood 
292 | 290 
290 | 253 
239 | 245 
Pee | ORM 
229 | 237 
266 | 266 
188 | 200 
266 | 287 
284. | 269 
238 244 
199 199 
219 | 222 
244 | 229 
244 219 
PIS | OPAL 
221 1) 215 
254-0} 244-8 
198 | 201 
236 818228 
260 | 214 
289 | 245 
261 266 
234 | 228 
246 | 246 
271 "| 242 
261 PATA 
248 | 241 
229 PANS; 
278 | 230 
324 | 230 
280 | 262 
197 211 
265 | 265 
289 | 272 
195 | 220 
287 | 274 
269 | 249 
268 | 231 
276 | 244 
234 | 223 
245 233 
204 | 175 


9 


June | July | Aug. | Sept.| Oct. 
220 | 209 | 200 | 184 | 192 
229 | 224 | 228 | 209. | 213 
241 W290 197 A188" S79 
Qo S27 e200) N70) et6H 
208 | 189 | 187 | 178 | 178 
208 | 204 | 200 | 189 | 164 
234 | 208 | 191 | 204 | 194 
230 | 1938 | 176 | 161 | 150 
237 | 188 | 163 | 160 | 155 
256 “236 "}"199 176 457 
227 229 1-210 1) 188 9175 
218 | 207 | 193 | 1638 | 147 
216 | 194 | 178 | 166 | 160 
221 | 213 | 190 | 168 | 172 
228 WV2TS SIS A159 Belon 
239 | 218 | 202 | 172 | 161 
245 | 223 | 211 | 195 | 196 
232 | 224 | 202 | 188 | 179 
228 | 215 | 201 | 193 | 188 
217 | 201 || 175 | 168 | 158 
226 | 212 | 188 | 171 | 170 
231 | 200 | 176 | 182 | 189 
242 | 226 | 209 | 187 | 175 
285 “| 247 9] 216 §| 195 °| 185 
228 2138 W196 Wied M167 
261 || 232 | 226 | 217 || 215 
237 ‘|:220 "| 203 (| 195 °| 182 
226 202" S192) Fh ai S69 
230 | 224 | 186 | 164 | 188 
248 210 Wel73' VF 159 Sh 155 
236 | 184 | 184 | 189 | 199 
202 | 185 | 174 | 162 | 141 
269 NED SATO B59! ase 
214 | 184 | 164 | 159 | 156 
224 | 183 | 172 | 169 | 164 
183 | 173 | 169 | 148 | 148 
193 | 197 | 188 | 155 | 146 
212 WO WPL: 52 SL 
196 181 17] 160 172 
202 | 181 -]°157 1154 7 167 
197 | 194 | 180 | 163 | 160 
226-6] 206-9} 189-5) 174-8] 169 
221 | 194 | 177 | 164 | 158 
244 | 243 | 188 | 177 | 182 
210 | 200 | 187 | 178 | 158 
233 | 204 | 188 | 179 | 169 
250 | 217 | 194 | 182 | 170 
219 | 210 | 190 | 177 | 191 
245 | 213 | 189 | 196 | 194 
218 | 205 | 186 | 167 | 148 
227 Belo HMA S46) He 7 
199 86 HLS. WL WeL6y 
187 | 179 | 176 | 180 | 165 
208 | 198 | 206 | 189 | 172 
214 | 199 |} 179 | 165 §|°179 
213 190 |°1838 "176 9} 150 
213 })227 "218 Fl1s82 W161 
247° W200. 167 Welds B70 
282 | 244 | 202 | 186 | 207 
232 | 214 | 204 | 199 | 189 
222 | 198 | 188 | 184 | 180 
228) 222 HiN96 HAS Mae 
204 | 189 } 172 163 | 175 
218 | 196 | 185 | 168 | 149 
210 | 180 | 167 | 161 | 152 
223 99203 PALS Giel73 S146 
173 | 176 | 167 | 149 | 147 


Nov.} Dec. 
197 | 186 
213 | 208 
194 | 237 
173 | 179 
191 | 178 
165 | 168 
190 | 188 
46 | 158 
166 171 
190 | 235 
183 | 185 
157 W153 
148 | 154 
207 | 245 
154 | 160 
197 | 207 
208 | 174 
205 | 214 
201 | 189 
172 | 230 
172 | 149 
202 | 240 
162 | 165 
193 | 199 
1/0 | 186 
218 | 223 
187 | 198 
193 | 199 
199 | 202 
191 | 233 
199 | 184 
163 | 193 
160 | 159 
178) Meat 
175 | 166 
170 | 185 
160 | 175 
178 | 188 
177 | 193 
164 | 174 
174 | 180 
181-5) 190-9 
174 | 176 
17 172 
150) Ul 
162 | 165 
178 | 203 
216 | 236 
189 | 218 
150 | 184 
170 | 179 
161 165 
189 | 198 
173" We 220 
192 | 196 
163 | 168 
164 | 202 
179 | 192 
206 | 156 
205 | 206 
179 | 154 
193 | 210 
191 187 
151 173 
179 | 206 
141 162 
GY 833 


184-2} 189-0) 232-0) 253-8] 236-7) 221-6} 203-4) 185-5) 174-0) 168-3) 175-7] 185-3 
187-6] 196-9] 284-0) 253-9) 241-7) 224-7} 205-6) 188-0} 174-5} 169-3] 179-3] 188-7 


Average 


St. Lawrence Waterway Project 125 
TABLE 5—LOCAL SUPPLY TO LAKE ERIE 


In Thousand Second Feet 


— Jan. | Feb. | Mar. | April} May | June | July |*Aug. | Sept.| Oct. | Nov.| Dec.| Average 


1860). 005.545 «te —31 66 92 94 45 |— 2 |-—23 |—28 |—43 |-—17 |-—16 |-—13 10-3 
1861 —23 31 76 106 57 12 2 2 |-12 |-—6 |—2 |— 2 20:1 
NSO2F soe dee dus 3 46 62 97 45 27 10 |-—16 |—27 |-—36 |-—15 32 19-0 
SGGe <cee'ste oes 59 42 38 48 34 9 13 }|— 1 |-—30 |-—42 |—22 |—23 10-4 
1864 —14 17 38 90 66 17 |— 4 |-3 |—8 |-9 12 6 17:3 
ASGSS «5 no apete ake —22 14 57 84 57 21 6 2 |— 8 |—29 |—20 |- 9 12-8 
I SOGE 6 os abs seks —ll 25 69 73 56 54 23 4 19 13 8 17 29-2 
A SGU so 5's. chee aM —19 11 70 66 75 40 |— 6 |j-19 |-—34 |—389 |-—38 |—16 7:6 
USOSE.. sieve eve ate —29 17 69 91 72. 54 2 |-—17 |-18 |—21 |-138 0 17-3 
SOO SS ose ches xe 2 Al 75 75 83 72 48 4 |-20 |—32 1 55 33-7 
SOR & re wistauscats 65 42 55 76 Al 25 26 10 |—20 |—28 |—12 2 23:5 
TOVde sare ctao as —28 34 51 50 26 8 j— 5 |-15 |-—30 |—34 |—26 |-—13 1:5 
VSR2R rors cctae Be —12 |—20 5 40 53 34 8 |— 5 |—18 |-—19 |-—31 |-— 9 2-2 
SGP vis io hes ate — 3 10 77 137 67 19 138 |—12 |-—32 |—29 |+ 9 52 25-7 
1STAE See Aes ae 81 91 36 35 37 22 12 |-—18 |-—48 |—51 |-—38 |—34 10:4 
TSH ae hee he —35 |-17 17 48 48 34 10 |— 5 |—389 |—46 |-—10 15 1:7 
VS POR shies he wes 26 84 101 86 76 28 |— 6 !-—18 |-—38 |—29 |-—15 |-—831 22-0 
1 ES ee —30 |—10 68 76 56 15 5 |-—15 |—26 |—30 |-— 3 8 9-5 
SCG Ries sicher fe 18 (2 57 64 38 17 4 |— 8 |-13 |—25 |-—7 6 18-6 
LS ZOR coe choc — 6 4l 40 48 37 26 9 |—15 |—24 |-—30 |-17 45 12-8 
SSO. 08 or Aste te 46 35 39 54 48 30 9 |-—13 |-—31 |—26 |—24 |—32 11:3 
SSI codons gee —14 17 58 72 52 31 |— 6 |-—25 |-—19 |—21 |—15 39 14:1 
ISSIR es tere ae 41 56 66 56 57 37 23 5 |—24 |-—33 |—43 |—29 17-7 
SSS. oso shore ats 6 25 44 44 71 75 32 |— 5 |-—24 |—29 |-—31 |-—13 16-3 
WL SS4s ce. cecbss sas 44 70 52 63 40 13 |— 5 |—21 |-—387 |—53 |—46 |-—19 8-4 
ASS. s-c.steis abe —33 |—44 22 86 70 38 5 |— 2 |—11 |-—10 |- 3 10 10:7 
S865. ois sche 12 |-1 48 90 28 1 |-—13 |-—26 |-—32 |—42 |-—34 |—I1 1-6 
LSS ie « oh ys) Aorevane 5 73 83 38 37 9 |-19 |—24 |-—39 |—39 |-—10 4 9-8 
ASSO So cccrsbecses —1l1l |- 9 49 62 38 18 14 |-—25 |—44 |-14 |-— 1 10 7:3 
SSO co eenwcans 9 13 33 58 53 54 11 |-—26 |-—39 |—37 4 56 15-8 
LSOOR ce thse ae 68 58 iG 90 87 49 |—10 |-—12 |-—4 10 13 6 36-0 
SOI cce.c she +-5he 17 50 67 13 22 13 |— 5 |—14 |—24 |-—38 |—11 21 9-3 
IS O2F i c.6 choses 8 20 59 98 115 92 27 |— 8 |—25 |—381 |—22 |—12 26-8 
ARSE Bey Gens ate 14 46 63 109 93 24 |—10 |—28 |—29 |—30 |— 6 38 23-7 
SGA eteste sat 24 16 33 62 ivr 24 |—21 |—27 |—28 |—28 |-17 |-—16 6-6 
SOR) Vossen a2 —15 |-11 ili 36 28 |— 1 |—10 |—11 }-—31 |—33 0 24 —1-1 
SOG. sie. shon-3 12 27 38 60 60 18 21 15 |}-19 |—24 |-—13 11 17-2 
SOME coi ole. 26 49 70 78 54 25 4 |-—14 |-—36 |-—32 |-—4 14 19-5 
SOS. coats o ae 29 64 69 72 45 10 |— 8 |-—16 |—27 |—9 |-— 4 19 20-3 
SOO... «ster 18 24 119 69 37 12 |—16 |—37 |—39 |—19 |—21 |-—1 12-2 
LOOOK: cdot cele 100 100 101 51 40 14 5 |— 6 |—28 |—31 |-—19 |-— 3 24-1 
Average— 
1860-1900...| 8-9} 32-1] 57-4! 69-4! 53-7] 27-3] 4-3}—12-0|—25-8}]—27-0}—13-7| . 5-0 14-9 
WOO Bsc store ars 1 42 59 77 31 23 |— 6 |-—24 |-—32 |—40 |-—18 23 11-3 
QO 2. cee chers oe 41 41 47 63 40 58 567 |— 1 |-— 8 3 |-—10 1 27-7 
OOS cir shols axe 68 108 112 84 32 26 12 |—1 |-—12 |-—34 |—39 16 31-0 
1 ne Bae 39 95 140 112 54 35 2 |—14 |—21 |-—31 |-—36 |—18 29-8 
LE GOSR cy Ae ear 73 58 61 70 71 49 138 |— 9 |-—22 |-—30 |-—19 13 27-3 
L90GS eects sa52 26 42 40 48 26 17 6 |-11 |-—21 |-1 26 71 22-4 
1907 82 52 52 60 49 45 7 |-13 |-7 |—4 |—4 33 29-3 
1908 92 100 161 88 46 16 |— 2 |-17 |—32 |—43 |-—37 0 31-0 
1909 29 100 82 82 92 35 5 |-14 |—44 |-—27 |-I1 10 28-3 
1910 47 71 59 65 53 9 j-2 |—9 |—9 |-17 |-21 14 21-7 
1911 45 55 38 58 36 4 |—4 |-—65 3 |—10 14 30 22-0 
1912 46 49 99 110 47 22 11 18 |— 4 |—18 |—20 29 32-4 
1913 80 100 138 146 43 25 1 |—20 |-—30 |-—11 2 13 40-6 
1914 31 25 58 107 82 32 1 j|—6 |-—16 |—37 |—20 7 22-0 
1915 61 65 45 31 40 39 45 30 1 j}-—18 |-—12 39 30-5 
1916 85 942°}, 1005->), 116 81 55 3 |-33 |—40 |—25 |—14 7 35-8 
1917 42 41 70 104 78 81 82 |-—10 |—21 4 10 6 36-4 
1918 28 73 69 64 20 24 1 j-— 8 |-—12 |—13 4 10 21-7 
1919 26 48 73 | 100 78 24 |— 6 |-11 |—14 |—13 |—-11 0 24-5 
1920 18 29 67 81 63 37 22 |-— 4 |-—26 |—12 11 27 26-1 
1921 18 84 86 86 51 19 |— 2 |-16 |—26 |-— 9 16 18 27-1 
1922 39 49 81 100 60 28 |— 1 |—11 |-—26 |—37 |-—30 |-— 8 20-3 
1923 27 50 50 40 23 |— 6 |-—17 |-—382 |—28 3 37 18-7 
1924 57 58 61 84 58 46 24 |— 4 |j-—11 |—29 |-—380 15 27-4 
1925 28 55 71 44 11 10 11 6 |-—10 |—9 15 |—22 17-5 
Average— . 
1901-1925...] 45-2! 63-4] 76-8} 81-9} 51-3} 31-3} 9-0/— 8-2)/—18-5|—19-6/—9-21| 4-8 26-5 
3 


1860-1925...] 22-6) 43-9) 64-7) 74-1] 52-8) 28-8] 6-0/—10-6)—23-1/—24-2)—12-0| 8-7 19- 


126 


TABLE 6—TOTAL SUPPLY TO LAKE ONTARIO 


St. Lawrence Waterway Project 


In Thousand Second Feet—8,500 Second Feet Deducted for Chicago Diversion 


1900 tise 
Average— 
1861-1900... 


Average— 
1901-1925... 


1861-1925... 


Jan. | Feb 
229 257 
214 242 
246 239 
198 | 217 
260 | 227 
189 | 193 
219M 255 
193 | 190 
207 202 
pa. | OARS 
213° | 220 
166 151 
184 | 193 
266 | 269 
169 164 
252 265 
185 Aw 
226 249 
211 216 
234 238 
163 oy 282 
250° | 253 
194 196 
231 267 
208 | 182 
265 255 
243 | 300 
187 190 
231 216 
264 258 
221 256 
197 181 
175 | 189 
230 207 
181 164 
AT 208 
173 191 
27 205 
195 195 
214 | 216 
214-6} 220 
191 184 
191 193 
217 237 
183 | 229 
181 181 
233 | 208 
237 =| 216 
244 241 
192, } 215 
187 | 219 
190 | 196 
201 193 
256 246 
P11> 1204 
204 214 
229 219 
192 201 
198 | 233 
226 218 
172 181 
217. 1219 
192 201 
183 197 
214 | 196 
163 .| 215 


204-2} 210-2) 244-0} 281-8) 268-7] 257-7) 240-7} 221-2) 210-4] 208-0) 210-0} 215-6 
210-6] 216-6) 247-8] 286-6) 277-0] 265-4) 246-6] 225-4) 215-3) 212-8) 218-4/2226-0 


216 
249 


“2 


273 
243 


) 


256 
241 
257 
302 
258 
249 
270 
313 
304 
265 
239 
294 
284 
262 
224 
320 
274 
254 
329 
231 
262 
278 
255 
275 
221 


+2 


247 
208 


232 
199 


2 


ol 


208 
184 


+3 


Oct. | Nov.| Dec. | Average 
295 | 276 | 259 282-2 
235 244 257 269-8 
234 | 249 | 244 261-0 
246 | 263 | 284 262-2 
223 222 221 243-5 
2A0UN) 244 9| 250 245-8 
192. | 181 | 182 249-3 
PAN | PSs |b Psy 235-3 
202 254 295 263-2 
231 | 224 | 238 267-8 
205 | 198 | 199 235-9 
210 | 204 | 187 208-1 
217 240 We 247-5 
208 | 200 | 201 244-3 
211.0) 209415229 223-4 
241 23600220 270-0 
208 | 230 | 240 233-3 
239 279 291 260-4 
200 | 211° | 2382 231-7 
212 2342200 235-2 
217. | 226 | 250 229-5 
209 | 209 | 215 250-8 
233 242 247 255-2 
219 221 237 257-3 
253 | 270 | 288 257-3 
230 | 236° | 243 261-2 
221 212 211 254-4 
214 227 239 229-8 
196 | 233 | 280 240-0 
246 | 252 | 229 262-3 
172} USS) 205 227-8 
205 2h |) 206 226-3 
202 | 208 | 2382 236-0 
203 | 193 | 194 223-8 
158 | 176 | 201 189-2 
181 | 190 | 191 207-3 
179 | 203 | 217 214-8 
205 | 216 | 218 223-5 
185 | 198 | 215 213-6 
195 | 218 | 225 222-7 
215-7| 223-6] 232- 241-3 
185,.| 197, | 217 218-0 
209 | 204 | 215 227-2 
207 | 200 | 191 236-8 
218 },197 | 196 246-8 
219. | 217° | 234 234-4 
220 237 alee 232-0 
238 | 238 | 259 » 245-6 
197 | 199 | 197° 245-5 
198 | 1965205 231-7 
202 | 199 | 199-- PRT 
194 | 210 | 222 211- 
231 | 239 | 260 243-8 
215.) |, 226) 1.220 249-9 
196 | 196 | 192 ‘224-9 
204 | 203 | 216 216-7 
199 | 203 | 207 242-5 
243° | 242) | 220 248-0 
229 | 235 | 288 239-2 
Dp Pale al) 2S 245-7 
D7 wez25 aleeed 220-4 
197 | 199 | 210 225-0 
198 | 181 | 184 227-2 
181 | 195 | 224 213-8 
197 | 184 | 179 219- 
191 ol) 214) 207 207-0 
231-1 
237-4 
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TABLE 7—LOCAL SUPPLY TO LAKE ONTARIO 
In Thousand Second Feet 


Feb. | Mar. | April] May | June} July | Aug. | Sep. | Oct. | Nov.| Dec. | Average 


1861.. 60 63 94 110 64 47 27 40 68 47 38 56-9 
1862.. 4 25 75 117 85 52 42 14 6 16 32 46 41-8 
L865 een see 12 40 99 76 5] 20 15 28 27 51 45 39-9 
TS64 eer rae 20 59 113 107 66 32 22 35 45 66 86 54-8 
WS65ce ee ee 50 59 84 75 62 33 8 9 21 29 30 44-2 
LSGGeee se ok: 7 oe 62 43 81 82 44 37 32 39 46 42-7 
LSOMeee tose 65 101 131 112 69 29 16 12 —5 —5 0 45-4 
1868.. 12 56 86 75 60 23 23 10 16 40 55 40-0 
TSOO Ne aie 22 24 100 92 76 68 54 48 46 57 90 58-4 
TSOP ov os hs 41 Tihi 132 91 49 46 16 11 18 17 34 49-0 
USllrean ee ee 27 64 89 65 41 23 12 5 10 7 16 31-0 
TS Toei —22 22 60 56 oe 33 25 16 23 23 if} 23-9 
IVS Ben oeecke 20 101 143 66 43 34 14 9 16 43 70 47-5 
1874.. 54 56 47 48 56 39 13 2 10 11 16 34-0 
STON cate —14 52 84 58 44 30 Me 6 14 17 30 27-3 
STG ee ont, 55 66 104 78 60 35 5 —1 20 12 11 41-7 
RCW tA Gena ie 10 57 75 47 40 30 is —9 OG 34 24-4 
1878.. 36 56 59 49 34 32 7 19 26 71 83 42-6 
SUOMI eet: 18 36 74 57 47 29 12 9 4 25 4] 30-1 
TSSOP ero: 36 40 53 53 51 20 —1 9 15 27 10 28-9 
SSE Osi. ots 28 62 56 43 39 21 —5 —3 14 Dall 45 25-8 
1882. 39 50 50 57 58 26 8 —3 |-10 0 15 26-9 
I ote Sate ee ee —4 30 73 96 89 59 15 4 10 27 33 36-0 
i exoy bn Been de 52 74 80 50 35 34 24 1p 6 19 38 37-4 
1885.. —10 28 85 90 60 40 19 17 26 43 62 39-4 
SRG ao cescie te 47 iit 99 65 34 18 17 21 14 28 36 41-3 
LSST ese ccmehoes 87 56 81 75 ei 16 0 —1 3 7 2 33-5 
1888... —4 41 65 Al 39 ot il 1 7 24 30 22-1 
WSSO ree) act 14 37 62 65 63 44 9 1 3 42 79 37-0 
LSOO ME sae et. 50 52 72 87 69 22 13 24 35 oe 20 44-3 
TSOP Re ea 56 75 78 52 ol 23 13 —1 |-15 4 28 30°3 
TROD Eee od, 10 36 5: 47 62 46 20 9 3 15 12 27-4 
TUCS Bein ase a 13 57 119 110 50 18 17 20 3 13 36 37-7 
1894, 19 45 57 71 58 13 —3 3) 8 1 6 25-9 
LOD Rees anche —7 20 68 38 18 7 —5 —8 |-—18 12 30 12-6 
SOG eA ex oa: 35 57 87 40 30 16 —2 —7 2 9 1kas 26-5 
TSO. pho dit 15 46 67 51 38 28 10 |—21 —7 16 28 21-8 
TSOB RL elses OL 55 54 4] 26 6 —5 —2 14 21 25 26°3 
SOO estan aeeit 13 37 73 57 40 13 —6 —8§ 4 18 25 23°3 
1900 Ce es Keene. 31 38 73 43 34 24 8 —1 7 26 35 28-6 
Average— 

1861-1900... 27-0} 52-9) 81-4| 66-6} 50-2) 30-7) 138-2 9-0} 13-3) 25-6} 34-9 35-2 
10 66 120 79 50 26 18 7 1 16 35 36°6 
24 ig 70 51 61 58 20 10 6 4 25 34-9 
48 75 Us 44 40 38 23 27 3 4 —5 32-7 
46 90 114 ier 54 38 26 16 10 -—6 —3 39-2 
1 41 86 57 59 46 28 21 10 16 30 32-2 
13 31 62 47 44 33 2 —3 19 33 50 29-9 
6 36 65 54 39 26 11 17 22 24 48 30-6 
34 51 97 85 57 32 8 |-—15 —5 —2 —1 30:6 
23 53 99 88 42 22 6 —1 —1 6 20 80°3 
41 59 64 55 33 21 18 6 5 6 10 26-7 
18 40 64 44 3] 16 4 7 6 16 27 23-3 
15 68 102 84 66 23 19 15 28 32 56 43-3 
31 69 82 46 34 16 —3 0 10 17 12 30-2 
9 52 99 47 21 ik 9 7 —2 —4 4 22-5 
32 22 32 34 25 32 33 15 2 4 24 23-3 
14 41 101 98 80 31 —1 |-12 |-—138 it 8 80-9 
11 61 86 52 61 42 12 4 18 20 ; 30-6 
38 70 78 52 39 20 12 10 22 23 24 32-8 
9 38 79 96 61 18 4 —6 6 3 —2 26-6 
8 42 65 29 25 22 12 9 14 22 30 22-2 
19 60 67 43 19 3 -—9 |—10 0 8 6 18-5 
17 70 101 64 50 35 ue —2 1 |-—15 —2 26-8 
19 54 ion) * 60 43 14 1 0 —2 16 35 26-0 
12 34 80 71 40 22 12 8 4 -—8 —7 23-4 
47 74 61 38 47 18 12 9 8 36 29 31-5 

Average— . 
1901-1925... 21-8} 55-0} 80-8) 59-8} 45-1] 26-7) 11-6 5:6 6-9) 10-9} 18-6 29-4 
1861-1925... 25-0) 53-7} 81-1) 64-0) 48-2) 29-2) 12-5 7-6} 10-8) 19-9) 28-6 33-0 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
Year—Month given in record Welland Canal Welland Canal 
complete complete 
Monthly mean First Monthly First Monthly 
of mean mean of mean mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1860— 
PANUATY £2 cles eidats bere GF 602-69 D4 Salat Secoepre steel] Keke eos. BEE Coe 602-80 81 
INS oy Ch aiane nance s coe oest 602-44 SSiouits cic baoataye sae ele eis eb e cer 602-61 80 
Mar ChcS.. cats ce cttette devel 602-42 ESP fh | ee Pete ear lta I ee fot Oe a 602-48: 103 
April i422 bet cburteiedks ae 602-69 Alls tess foncetthaus aveicd SIM rsa Peele 602-56 120 
BY cree dace eee. apapeahs 602-92 ODT aisle sRenestiasae hes tes tend ctr 602-73 122 
DUNC. hehe FOr eRe eae 603-09 TOG alist: leh ekedee clita os ba oPies ste 602-87 122 
DULY. sche Reese eat deine 603-05 ACB: Eeceiooes Ata: doe ee 602-88 83 
AUZUSb. 4s: eee os bhicetels acest 603-10 NOS re rltats Aeascthe serch ore eierrciers 602-96 109 
Septembers. sade aoe 603-08 LOG Ae deca thes eee oie 602-97 109 
Octobersvcn- baleen dent: 603-12 LOK, alee deonetet Mec ANNS bk eee ole 602-97 109 
INGVeM bebe. «tiawtele See 602-35 102 ile’ bcos Ga. bea ote 602-90 106 
saab AVS: decease 602-60 GS anes. Meceest act Ales. «ae oes ata 602-62 103 
1861— 
PANUATY + warns ele, 602-40 Siiaalkts eect he celleicorte cee cere 602-32 78 
HG DEOATY 24, ois .fischrrs dee 602-15 QL ale | Ges. crttae uapellishe cies cBmlerabete 602-13 76 
Miarchiacde aeee borane nee: 602-01 UO diis Heckare mecllie ete Chee 601-93 51 
PANDY IN is) 4. Hoe teoveys Hors aLreRS 602-42 ST alan: eencare eecllines eeepc 602-14 79 
IML Ay SS aie. PMS se hem teehee orci 603-05 NOS giles.” feceetees sere Aba tie Repere teks 602-68 122 
RUNG <9 oc bo WR to bree otk ches 603-20 109 Valea shen. Rips: Gaal eee ee ee 603 -02 125 
ULV op RA cee keer 603-36 DUS eller. dehettdes cette Le ceENe toes 603-12 126 
PSUSUSEs hs eeereb cit jolene 603-32 LYS Dilkte: teihe-bs tenllit deco Okie tere 603-15 127 
peptembeny, 4.1 amy od eke 603-23 HCO Ere (eae oP aoe voi (el a ee 603-25 112 
October 4a l Aedes aoe 603 «26 110 Tole Pecks cde alge ¢ tence chore 603-20 111 
INOVEM bers soaick..te Seceh = 602-92 MOD a ltetecchevothtucss Srencl| ake alerts ieee 603-05 108 
deppecem Het Bl cli shore seetotni devo es 602-54 QO lek Hare eRe h citihe ores hoes 602 - 66 103 
62— 
SANUATYS hes eet ae 602-19 BS railiet ste en cele iis ote ee 602-27 51 
He bruany Jac. 4. < dels ae a 602-00 vito I Fa ta 8-2 tap aoa Ure Ses es ge 602-09 51 
March. Saccceckee ace Geen o 602-03 AE Oa ies Soni ee, al [dram there BO 602-07 51 
MATL Ss ERS 2 oe tates ee Be 602-09 GO alls: Gioeees Sheol Aes We mee ee 602-20 79 
Mia yoo ho scett eater actrees 602-77 QS ate Mer pee temisdel ce Oe eee 602-57 120 
UDO sb seine taeebae dao a 602-76 OO glee. A hceres hae ANA ok pietactene 602-84 122 
AAT V7, 8s ho af. fou cbs arop oi 602-73 QO riled Reet abe ores Ale otic ecboes 602-74 82 
PAIS UB: i, fener shearers 602-90 103, pabks Fret etre he ower te eee 602-87 109 
eptember. esd: eee 603-02 104 dee poems ct ealit bets ash oe 603-00 109 
October. ge ses cerise 602-95 LOS Salt ace deer ae eee ee 603-00 108 
602-62 Qo Tal sient span ll Pyes bronsbiets.abees 602-79 105 
602-35 Si Dlric feces cterlas ch tasronie 602-45 101 
602-16 So Blicts teeeen els sie «lester atone “602-19 51 
602-03 AD Wiles tee Re oe cel eae ee rein. cere 602-12 76 
601-86 GOs ot lPeke: ae Re erodes eebshe ata 601-95 51 
601-90 MOuaalichs ko ete se alee peers see 601-96 51 
602-03 Sa a: ac eag a imera| eae atte ters bee 602-12 51 
601-95 SO rriles. deacOaess Siecle ottce AS ates 602-23 51 
602-09 SA Tals Pa samte cred Mas ea reeere ite 602-34 52 
602-71 DO rales. Legsaehe cnet Seabee dee 602-82 109 
602-73 LU fo Sd | rege ieee st tes eh |W arte ee on 603-11 110 
October. uae: ects. ee 602-56 OA llr aac Bae cee dee ste meee cine 603-00 108 
INGVeIN DePr... bast sean ee 602-21 SOs shes beavers Sava le ose eager cere 602-70 104 
IMecem bergas; dicceig< 4s ob 602-10 S2 al, Bo Agel eee Peta, ee 602-41 101 
1864— 
WANUATY) = thas stemkdeart asks 601-81 TAC ds toes oh alae en eee tee 602-15 51 
HIGDIUALY wo. dasaite's 45 olen 601-60 GO ples Sassen tool Mra etree here 601-97 51 
LATCH ios: Meee en haath 601-67 LO eilishs occ bee ele aloe ee ee 601-95 51 
PA DTI... cate ste cette e cece 601-69 GO eli. Ee Fee 8 hil ae oe 602-05 51 
BY pe tee svi looker oie ues 601-85 Chae Wiehe ictessucetv ec! eee ae 602-19 52 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Actual conditions 
occurring in past as 


Complete regulation 


system, assuming 
8,500 cfs. diversion 
at Chicago and new 


Partial regulation 

system, assuming 

8,500 cfs. diversion 
at Chicago and new 


given in record Welland Canal Welland{Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (a) (e) (f) (e) 
1864— 
JUNOT. eee eee soa: 602-00 ro AS, RRA Glib ceo SG eRe 602-43 52 
Julye ch ee ee etd: 602-09 go Oe AI 7, AR ee RNR Ol ee 602-63 81 
AMIGUStA Jeten cae. oa. 602-10 SA Me ssc ar eeecaeee, |ancte eee eco ort» 602-69 81 
September We eyes 8 EA: 602-25 SOEs [eee rey eae: [lice emai e setae 602-76 106 
Octoberteese ates sass: 601-99 poll BI, 2 ena 2 Ue, 3, ue ea 602 -64 103 
November. {cuieaee 2 4 601-80 TOR Wee tasis crecsy teats | erro slink 602-35 100 
December. ct: 601-65 Ai UA, 5 aerareeoniretens Walle, © A 3 Wiehe 602-10 76 
1865— 
TAMUALY he cee eee sea 601-47 GSE AA i soccarrevouctc | RCPS a vores ¢ 601-93 51 
HOTUATYcctae aoe eee a eet 601-46 65a || Rec coe a5 aera ska 601-88 50 
March anne accsecien aes ae 601-33 (Ae Gilt, lo Seibel (ek area 601-84 51 
WARTS rence ee. tote ARE sis eis 601-77 TOS | Batters: ccsvet Scarce | Mere eo etes eee 602-03 51 
1 LS eae Pees tar S Sorc B 602-26 Saw leerete occistece ote [ates taeeeee, oe\cues 602-55 121 
JUNC he ee donk oe ee eae a 602-67 OGH ||Aetste cicyaces crete | aoe ws aye > 602-90 125 
A fhe ARR ath ol ARSE 602-99 LOSS || BAe tak leat esate 603-18 127 
AUSUStAe decks See Seve elects 603-07 LOZ Pee cicccuccepececahs (jskatet Ponte ceo eres 603-31 128 
Septemberh sen asi essa: 603-08 LOGE eee ee eT ae tea eek ohare 603-30 112 
Oetober hs tek ae wane. oo 5: 602-87 TOT NA Sogn asta | ae aces 603-17 109 
November: 28 se....4. 602-34 Sib Re lets | eaten: so ag 602-78 104 
December...... 602-03 ESL Ye I aetna!) Un SE SR te 602-31 99 
1866— 
JAMVATY ve take fae Nee ee ahi 601-74 4s Val RO ere al eA 2 VE 601-96 51 
HEbTUALY cee ee ee sa: 601-53 GUad eos cue cated Meet wattle ea nates 601-77 50 
Marchese sc teeene fe od: 601-53 TY fa Vics Air RCRD rl (Oar RO 601-70 50 
7:\, 001 RA ae en eee 601-98 1 Gea aeeiiin &: Slovaks ous RE Rae o's roi 601-98 51 
May aoe aaa aa 602-23 SGP PRR Ae ceca  aeeteraeteeue « a> 602-40 80 
SURO. eee oh Ree ies a 602-42 Oa Re sts cycver-ooths | Meteorite.) aes 602 - 64 82 
Julye eek oe eee soe ts 602-71 QS F. |e es crores cutee | tees setvetecs aces 602-90 84 
OA CATERERS RD oiiees OEIC 602-94 VQAG ||P eic.crcers 2 | eat aot we ae 603-21 126 
September) ..css-.1-00-4- 602-67 OOS | Bivciscuntty: | tte Seteme 603-12 110 
OCGlODER TE = eek ate cee 602-69 QTE | Bes, Santen aut | Meee tale on eee 602-95 108 
INOvemibers: asa cac: 602-36 CO) Ul, BSR Rei ale S| os Sioa he 602-77 105 
Decembers: cecanee osc: 602-47 OO | Mie cc csceneccntes (teterareters ouaurere 602-60 104 
1867— 
JAanuary-ensa ee eee ae ks 602-20 SOM Wa Mee oclccsyonsy te | mee oem sane ai 602-48 79 
IBOWTUALY ote s ate ee cord * 602-09 SOG | Bie ecccousone. (eRe, orate 602-31 78 
Marche ee a. Basse reas 601-90 COX. [Reece we We omte ee ots 602-14 Ue 
DAMS TAL Oke, Sake = We ati co 602-12 SOK || Meee cis Srctenaosces | Re Peles eres ore. 602-16 78 
Ws ape taley aie asese bic SSO ae 602-12 Ft thal bec RRR ene (hs cS od ROR 602-21 52 
JUBG cere a de ae ele ees 602-72 OSD a Sere cae: Lees sees, blevaiecs 602-66 83 
July ce cetdes ee eek: 603-05 LOGE cic ctet cot: eee. ee 603-17 127 
AIGUSt se cyic. soe ree oes « 602-93 NOAS se vecencscy sey ceases See Meno ole cute 603-22 126 
Septembereteonud cht. 603-01 IRE Al Nhe Cot cali ok aie Reet 603-13 111 
October aoe see oon 602-99 KO? Ah Sapper orl fk nats lcs REICH 603-14 110 
November... sa) aces ones: 602-56 QB” | Rae. craves athe lire Matecatseeees 602-90 105 
Pecembons. ee wages fc 602-24 SOP RG cea sl atra cette ance 602-48 101 
1868— 
JANUATY so tatoo aioe ele ae 602-08 SOR) | Reeo. ceacoso cat «eres: «shoes 602-19 51 
HGDruaryce oes -as4 601-49 Clee Gil 2 Beemer Gredeakes en RB ik so Berne fe 601-91 51 
March 601-85 1G: MAN: So ecg a © foes in en 601-83 51 
PADELL sc reece tote Meters are oh 602-04 TOME ese hove ces a coker 602-18 78 
Mia scope aks tere nee a 602-44 DRE | SERN cosicts cote ed orate sce 602-47 80 
June 602-35 SOR ees to See | take aattte, «nap eteee 602-66 81 
JUUG ote Sete te ee cree 602-57 QDR liber ceeecnectsigeo herortoreters ae aces 602-74 82 
Auguste.cc A. hearesate cc tee 602-49 OSE | Seon sno nce eal eats see 602-85 108 
September atcccs ss. ets 602 - 62 C115 Le, Gheketes eeenee sd ip cick ENE TG 602-84 108 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 
Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean ‘of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1868— 
Oetoberses ieee 602-59 Le ie Spe rreewetras Glin ty Ar eee a 602-84 108 
Novem beryt eae ace 602-75 OS | Bae tances VAN eR 602-87 107 
Decem bers. eae 1. ee. 602-32 ST tee ek ta Ae ee alae 602-70 103 
1869— 
VANUATY 2. bo aed wee cate 602-10 81 602-68 78 602-33 78 
Hebruary dco se oe ae 601-86 75 602-47 80 602-11 76 
March 0G BORE eT. 601-41 64 602-04 60 |, 601-74 50 
BADIA LE eepr ets yeeros erent ai 601-99 77 602-18 101 601-85 51 
IMilstiy ri ietiicehe cd Sete RAS foe 602-39 90 602-60 113 602-41 80 
PLT v= aera e's | | SE 602-40 90 602-72 52 602-65 81 
ALTA A alter oe ies och by) aaa © 602-77 100 603-03 50 602-86 84 
AUgUStie2 ihe sees se 608 - 23 111 603-58 132 603-32 132 
September... seeideee «oe te 604-08 129 604-16 139 603-92 137 
October: 5. wee eae ce 603-56 117 604-29 141 604-05 135 
November. eee oe 603-22 109 603-79 122 603-57 113 
December sen a 602-57 93 603-25 50 603-06 107 
1870— 
WANUATY ace hie eke eee ie tls 602-32 86 602-93 50 602-57 79 
PSbTuarye:). coewee ee nae 602-11 80 602 -82 55 602-36 78 
BE Yii ch CUI oe rit 2) es 602-12 81 602-78 96 602-24 78 
SADPIN ar ere Eon ee teen eae: 602-22 82 602-79 94 602-31 116 
Misi ta ie Le ORE Ee Serge 602-55 93 602-98 72 602-42 80 
UMC. veces Bis ee CRE ee che 602-36 - 89 603-10 50 602-53 80 
FRU DUE aa Sea 148 ties beg 602-55 95 603-22 50 602-55 52 
AU UISG oe a aoe Te 8 ae 602-55 95 603-44 50 602-77 106 
September! | eeraver one ae 602-72 97 603 - 66 70 602-83 107 
OGtObersss.. faa eee Louk: 602-56 94 603-74 112 602-80 106 
November): eh. 602-38 89 603-52 125 602-59 101 
eae oe, a darecttete aera pola 601-45 67 602-85 50 602-00 50 
1— 
JADUATY sso ae eee ee ts 601-36 74 602-41 50 601-54 49 
He bruaryi. Syne ones 600-76 71 602-15 50 601-27 49 
Maines. Vl SSR ORE oe ont 601-18 64 602-10 50 601-23 50 
SAR Oa PEAS AR Staci Paaes ahaa? ie 601-68 68 602-60 119 601-73 51 
MEA. hc ciiaenfe seen ewer 602-21 81 602-96 124 602-29 52 
WUMNC ds ee eee eR eet 602-33 90 603-15 127 602-71 120 
401i gaeepaeae es Abe: 0h WE by See 602-40 90 603-14 55 602-71 81 
AMOUSt io. .eeoho ga eee 602-46 93 603-31 89 602-80 107 
September.) cet chee 602-56 94 603-40 130 602-84 107 
OGtober se ch eee cn ete 602-49 89 603-30 128 602-81 106 
INiOvemi ber ti. cette ee 602-42 85 603-13 126 602-69 103 
Lhe eee a eo BSE 601-68 75 602-69 59 602-22 76 
1872— i 
SAVDUALY 2 o che Mee eres ae 601-47 69 602-17 62 601-75 50 
Piebruarys. hc teeeen oes a: 601-36 67 602-04 85 601-65 50 
NUCH CO NBRBAA REE act! a datas se 601-24 62 601-87 71 601-58 50 
PA DILICRa Son ieee ater ern 601-14 61 601-73 50 601-50 50 
HY (Ca a GAR PR A Baap: Ae 601-79 82 602-05 70 601-81 51 
DUNE ree os chic nbn hte: 602-17 85 602-57 50 602-42 52 
dpi) ligaments Ware abe ss Sota, Oe 602-44 95 603-03 125 602-84 83 
AMGUSE sad hate On: 602-61 102 603-14 126 603-09 lil 
September. pena nee 602-77 104 603-23 128 603-24 112 
OCTODeT Le ee oe 602-67 100 603-18 121 ' 603-24 111 
INGVenrber{).4 sect 602-52 ‘ 97 603 -02 125 603-08 109 
panes Fie 15 eee 602-22 87 602-69 121 602-82 106 
1873— 
VANUATV aries vine vee ele 602-12 77 602-40 117 602-56 79 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 

system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 

given in record Welland Canal Welland Canal 
Year—Month complete complete 

First Monthly First Monthly 

Monthly mean of month mean of month mean 


Stage Discharge Stage Discharge Stage Discharge 
(d) (e) (g) 


(a) (b) (c) (f) 
1873— 
WHE DIMI AT Gascanechrene ear aee 601-80 73 602-07 80 602-35 78 
Wiarche seat. cee\taeeiecaits 601-82 74 601-87 50 602-16 78 
Je OY al boo a3 ls Sean tel eos 601-87 74 602-00 50 602-18 78 
NK yee ee rep aka 602-31 87 602-32 50 602-41 80 
AINA Sie eirved ones ts a eet a 602-61 90 602-78 80 602-81 123 
HU y ele, “aaa aula rye ae 602-90 100 603-12 93 603-00 125 
INS RGUE hot at clove OMe OS REINO Pe 603 -08 106 603 -32 129 603-17 127 
Septemibehe tcp aon 603-14 108 603-41 111 603-23 112 
Octopentey der mason 603 -04 105 603-37 91 603-19 111 
INOVvempele cami foe 602-90 100 603-31 92 603-05 109 
CCE DET: fant aaah cna oe 602-60 94 603-11 63 602-80 104 
1874— 
AMUAUV EEE cee aie eae 602-14 82 602-83 53 602-39 78 
His loTUArVar sinc settee ts aoe 602-13 78 602-68 50 602-17 77 
WTR ON Woe Bake OM OS Serene as 602-09 75 602-73 121 602-13 77 
UGB Ae de, Mea Oe Soe es 602-19 73 602-63 120 602-15 78 
Avs ME eee EA ae 602-26 82 602-58 89 602-22 52 
AN tate ernie: HART BRS ge eae 602-46 92 602-67 50 602-45 52 
ULAR eee cae 602-84 101 . 603-10 113 602-85 83 
ISTOUSt AE eae eRe ae 602-93 102 603-29 128 603-14 126 
Septem bers iaanesee sano: 603-03 102 603-31 107 603-17 112 
OCtobenoee were: ates 603-09 105 603-37 127 603-21 111 
INiovemibel.s preeee tc der 602-91 99 603-25 128 603-13 110 
Wecem ber? hadidece «ss don 602-60 97 602-93 81 602-85 105 
1875— 
SADUUY A tee Mee aerate y 602-28 87 602-82 85 602-51 79 
We bruary aus saceieice soos 602-24 81 602-47 118 602-36 78 
Wiarchia. ton creer tte 602-28 80 602-37 117 602-34 101 
EN Nl be rad ste ae ah 8 602-28 86 602-28 116 602-30 116 
EIAs coaveecs SREP e Re ue ISR eae 602-50 93 602-32 50 602-32 79 
DENG s Ske ee eee aaa S 602-86 100 602-73 87 602-65 82 
‘NVI eee dcrs seubetsk ene 602-85 102 602-93 54 602 -87 83 
AMIS USt aarti ears eras. 602-94 102 603-12 50 602-97 109 
September acer ona 603-17 108 603-42 122 603-11 111 
October aie eee 603 -02 105 603-43 112 603-14 110 
INOVerlbetacaatawie. cones 602-88 99 603-26 74 602-98 109 
Mecembert teagan 602-68 86 603-16 119 602-78 105 
1876— 
VANUAL Vee eet gee cole o. 602-48 85 602-87 81 602-52 79 
ISD TUAT See venee terstece orale 602-27 84 602-68 60 602-34 78 
MIBTZO Ole Gaomabe se WA epee ae 602-18 78 602-60 1a) 602-20 78 
PAID TI tere Mahe Sack getane: saree o> 602-21 79 602-59 66 602-17 78 
Nicene aetna Soe Oe 602-75 96 602-92 102 602-45 82 
AKON SAGAR ais BAe Seaic e 603 -43 109 603-48 131 603-11 128 
DULVER eRe ana os cee 603 -82 120 603 -98 137 603-57 133 
PAUSTISh Meee. PadeekeS catck 603-93 121 604-17 140 603-78 134 
Heptembenc wees cata 603 - 82 (ye 604-11 82 603 «74 132 
OCCODEE Ne aa ea ae 603-49 114 604-01 87 603-48 113 
November: siasaes ftae., 603-33 108 603-84 88 603-24 111 
Wecomiberts. ensarm ccs: 603-05 96 603-67 103 603-02 108 
JANUAT YA otk Soe awe sede 602-69 90 GCOS ISAT eee! aa 602-67 80 
He branycees deerhnw sss ee 602-45 OP a learn trae iee lem, carey cslar cadets 602-40 78 
Mar chiara snee fete ce es 602-19 total [a Sites Coa ated WOR = In fe 602-16 Ga 
Ph itellieromcano ct ee SaaS 602-11 Sora Ee Ae men UN ean epee, A ue ae 602-03 a 
EIAs A essicla tice one ak RG ni aaa 602-10 SS SION Haat ses eral San See ae 602-08 51 
JUNC Ava sree are eR ia 602-32 SGM Urea eM EE Unaemenca, tsar diet 602-29 52 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 
Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (ec) (d) (e) (f) (g) 
1877— ; 
Rliny: 3. ciss sees See ROE 602-70 OR Neetu tos tide aise eon oee 602-69 82 
LAMISTUS GS uit tctece gem cite bee 602-76 LOO) Wiicyersscectanck.: ot fen nea eae otceters 602-96 108 
September}... cectrw scent 602-60 Li See ee eel ese eee oo 602-89 107 
Octobers-4 4 cecerneent ke 602-60 DOE Teas. srs orcad tesa aes 602-77 105 
Nov.. 602-39 QOD Elickes< cs cores Ae ee eRe cen oe 602-64 101 
18 OC ay A CR rere nS cae Sac 602-32 RP lam Bee re ARR lle pepmes, Seek ek 602-46 102 
1878— 
VANUATY a o6he ems <te 602-20 SOb teem cee alee cerae ca cee 602 -33 78 
EDTUATY ads eh premier cei 602 - 32 AGP Tice eect ical are ogkmpe eee 602-34 78 
March 601-55 i ie laren 5 phe | Mae tek BA 602-23 77 
PADD ae cena he GR emt ee 601-52 Ode eae Rae ish ocd alice Seater eee 602-18 78 
TUG Sasa ener Maa toon RR) oe 601-79 OL W's renee eres Sate all ars etal ae 602-28 52 
SAUEGVens Neneh ape AR eS 602-07 SOP A tal, SOR ees Sc aeele aan os 602 - 64 81 
ANT Ayia ine ct Senet as Oe See es 602-14 BS): tlerce- Meroe anata om biecntt tee o 602-82 82 
PNUSUB GIA au Mace tetra trib 602-62 S75 anes eee teks dice epee eens 602-82 105 
September! cnc cereelet chs: 601-85 SO) dep ecnlk «aredler-cpaee tater 602-62 104 
Octoberw.2 jensen hicks 601-92 SS) Blanccaceeemattadalishmmetaeys aero 602-49 102 
ING vem ber npectaecee fs 601-72 Ub Bienes ccces 61 Pod eee ees 602-37 100 
Wecember se. amuneaececks 601-40 Op ie comer eet lta, aaah, ee 602-05 51 
1879— 
JENUEN Me yeh ae os Shaan ae 601-49 OG ako, sere Ae al Gece eee 602-01 51 
February 601-46 DL! Liar he eee hae ailhats oparreke eee 602-09 51 
March 601-76 2s Aisne Meee, AROS ll toe cokers STE 602-23 as 
Ji Oy eels Rca ae ote 601-37 OOS Wrasse Sele olin cece ae 602-11 50 
Mini oo Ae sie tei rena tc 601-01 Of el MUA oa Mk Fa Rae A Se, 601-75 50 
JUDO Seti ERE ies cee 601-24 Oe Aman that SPH ioe cee uaea Oe 601-72 5 
eulliy abi deae bce seamen ees ate 601-48 Eas OPN others Fa eee be DREN at 602-00 51 
PAUSUSTRS:.. Nc. darckumern ee 601-60 (Gs eae os Satie On| tea dos 602-25 78 
Septemiberk. 20 seamen be 601-49 COIN ORS SESSA Ran beter Se Be 602-25 78 
Opto bona her beeeacects 601-58 es ae ate tis A) Wee oe Se 602-22 78 
INO VDL DEM: age pene oe ee 601-50 OOH Tek te secs ter lies Capen 602-21 76 
Mecemberss. sna oe -ke os 601-14 GO eens ae aeialigc armas gees 601-97 50 
1880— 
WANNA Y*, 0b: cee beeen Ee 600-99 DO erect eee SVS Alan. oneepe oc AOE 601-74 50 
February 600-98 ISU | eet et a ay | niet tee A | 601-68 50 
March 600-89 AVA | ie Ae MaRS Gane eR te 601-63 50 
April ett oP seeeeene eee 600-92 ESM sie, hace GA NAPE oS 601-61 50 
LENA Ste, eimai, Sa ON 601-52 COR oll crecoreeters secs tls cea e catc ee 601-938 51 
Minion Dy eTR OUR fee IED ane 602-30 oH RL eset ahh RES Call ape ne Nr 4 oe 602-68 83 
LRU ign be i ners ee es Je 602-45 QS). Mbaeecd anes ae ets ciltope parce aha 603-15 126 
AN CUSHAY ty cee cpm oeoce 602-44 QO iiliewes Serres ee lower mente ieee 603-12 125 
Septemiberh. sercrrieas. oh 602-44 OB there Seve a Mellon manesoeeeee & 603-01 109 
Octobenst ts. hreee ce ces 602-39 52 o) a CERES oral anteas Sieh PRS IIR Sk 602-94 108 
INOVEIMbEere. ch ae te 602-33 SOR Ae etait ee clipart cs .ccten 602-83 106 
Sem ET t-eepapss He 602-07 SAAS sare cies ert eens role eevee, aoe ee 602-61 103 
1881— 
JOMUATY.0. § ope creme ee 601-81 CD, Hew pe ete, site eet oo eRe 602-29 51 
GOST /aecae eRe 601-71 Hot Allg ars tae ees eae eee oy 602-19 77 
MET Chic kG eae seeriee ete 601-62 a Vaya: Ae oe, | teint 602-06 51 
EAB: cere ea epee oe bes 601-53 THULE let. Selig, SPY lle: pepe een 602-04 51 
NEA ten Rie meee eee 601-83 poll MI PSEA BRI ei a oN A oct 602-20 52 
June.. 602-27 SO" ccces:c SPM Se be lick eee Cee ee 602-66 82 
July.. 602-33 OO) arcnP ae ab ol paces eae 602-92 106 
NOCUStR ER Cone armen cce 602-38 BO oe ci AMR a 1 fees, ee 602-93 109 
Septemiberh ververmocaste- 602-61 eam amas eek e? pellets: ier Moe a 603-01 110 
OCctoberges necro enn 602-95 LOA. Tico ese pe ee 603-24 113 
INowenalber.. srry ees 602-88 TOs Wdeace esas eI eee eee eta 603-35 112 
December, Waar vee 602-60 O80 NE Re Se eres een 603-14 109 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cis. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 


Stage Discharge Stage pee Stage Discharge 
: ) 


(a) (b) (c) (d) (f) (g) 
1882— 
WANUATY..ck.s Aue eae ce tac 602-25 Se || Ae este RRR | cc) Sea et 602-78 81 
February 602-00 CET || Sea netes POA SP orc ea ee 602-49 79 
Marche ds .. Auiaeeer. 6 odtiee 5 601-89 TARGUS ik cc). ees sels 602-28 78 
PAPEL teh eRe scope ive: « 601-81 FRG" || RRA et talent co Sains 602-18 78 
Var EB CE oo 8 hea. 601-97 SSA || Sa ere ere eI Sec Ce 602-20 ot 
CIFIC R RAS Sek Sats 5 Ree eae 601-99 QA RIB en aaah: IPAM: coz eck Coe 602-38 52 
JT ghe eae Abe 6 ah ne eee ee 602-44 OSV AI alc saiece od emt ORME o ace a. 602-71 82 
NUS US eRe ts yoryticnn oaks ors 602-56 CEL Maelo mee pare ar Ne Oe» ate 603-03 110 
September yee coc das: 602-60 OES ||| Seeman: Bit || ae Se ae 603-07 109 
Mctoberns © weeiieiess dss: 602-43 cei lie |" ee eaters: VAS 3111.28 Gy, Serene ee 602-95 108 
INGVemlber ep aite 5 «des. 602-41 QU CRIBS coveted: IAM oo eite ee 602-81 106 
Wecenml'ber.. distance are teas 602-22 SAG tes sheccrevera ta he taele eiceed aa 602-65 104 
1883— 
SANUAIY soko Ae eeies. «che ad 601-99 ee | Seen crest al OS 2, ee eRe 602-38 78 
HIGOTUAT Y= ota fo ste oc 601-70 AE ||| RRR S| che cas, See Cone 602-11 76 
air clan eee vs. aide ss 601-70 TM cerns ery ro Rt oss disses 601-94 51 
isicrallisede ta8 Se 8 clo IBA Ooe 601-95 TB GAS eres Oe oR ood 602-13 78 
"ONMGR Sates SCRE 5c sts cee ee 601-96 TOaBIE: cons ote ME eo bats 602 - 24 eZ 
Tides Gems 5 0 eee eater 602-06 SONG seek corte Ny ors ah ea 602-36 52 
Th A cespete sete a ich ic Gea eee 602-31 AT || Pecans ic | a ee 602-62 81 
ING SITS GRR SERIO eo ates. 602-33 Dn eas creators sil eae teearsca ts os 602-77 106 
September qe ase ens tes 602-29 SSBOIE co) cache aie acess 602-73 105 
OCtObEr: Ain Aen bec te 602-09 SADR eced 2 abe at ty babies ates 6 602-55 103 
INOVermlber: ge. eete cs dons 601-94 So em. oie sa siae Me ASE ose e 3 602-33 100 
WMecember. ends os cass 601-83 (Giga ercswcos so et Ra tee cles eee 602-14 51 
1884— 
LANIUGIY coh, « Sen 3. Aes ase 601-80 TAA cos 208 tas DIRE olds ous 602-14 51 
February 601-63 eT eens ite |oci, aece Pee 602-10 76 
Wh L226 Re) o Wate ier eo ee 601-54 VAT AIP SERE ROPES [oe tuc: ime ete 601-94 51 
JX 1106 leet des nate cease oS a 601-32 OS um Hoy iets cota IM ae ontvetee ac 601-84 51 
Cicadas fae iets ':, auaeaeae eae 601-54 OME Jo act tec aeR cre otis Ges 601-87 51 
UMC ec ee oe aes 601-74 TA Scissor os 2 602-15 51 
lyre ae Sees 601-88 GORE aso ceerdo CAR Reee oe bees 602-38 52 
LNUISUSG Ee eye ree nae 601-89 ill, Ses eee aia ade sate Ms 602-54 80 
September) wee... ass. 602-16 DA | arene Oak dS ee, eee ae 602-68 106 
October Ts IM LHe se. : 602-52 Sa Pale: occ & eleths oe bp RM axe ons 602-92 109 
INOVemm ber: Myateeh «cos: 602-42 SGnmtlers see eee ERE BEIM Ces hea oes 602-98 108 
December...... 602-21 SOMES recs, oct oh SRG NPN ov shee teea 602-75 105 
1885— 
ANU AT Ys. o MeeVee cha: 601-98 Ue Rees: ecw 8 2 rt eee ae 602-46 79 
Mebruarye + Mes oe des: 601-80 (ens beeraneres. Oey. 114 6: 9 Seeeeaeon Dae 602-25 77 
IMarchi..ck (ae atte codes 601-72 BO Peer Ak ooh bel: ca eats 602-09 51 
TN Ol adhe See nt Seen 601-67 Yay ol eeeneetr oem |? ° Seamer 602-09 51 
IMS koe. SRE es che pe 602-00 SOE ses aes tenot ADRS. ols wee: 602-27 52 
INC Se MeN ths 602-28 8) Bic) erg eee, ad ates 602-66 82 
AIR eee Re Mie. fal nic Menai ae 602-52 OOTP Pla. otc. rence dre RH eee «Sey: 602-93 124 
PAI OUIS treet aed cetera a Sean 602-64 Oem | Nak ayo ceauae Seee, [a naePirs. oo Aa: 603 -02 109 
September. aemaeee os. oes 602-57 yt) 2 eee ee Pe eS eee eed 603-01 108 
Octoberle: Ses. e 602-40 ret | AR ee eee ory | Se te area Bee 602-84 106 
INjOVelmberndardihles-c te. 602-25 £1 | Rants, Beto Ne cps Ee ete 602-62 103 
December. te. fe. soss5e 601-92 GOMMBIRE ce Saree rte RE XTENs o 5 Ghote: 602-33 99 
188 
DAMUALY ver oa eee tees 601-72 TAO Reape Caer s(n cc, Siena eee 602-00 51 
February 601-59 rf Se Seen HS) LASS eee Rea 601-90 50 
NMarcho. 6s. Saios ss fess 601-53 GTM ele cia's bkord Be ARSE. 5 aie 601-84 51 
MApril nia. ae DEP Se 601-62 ye <1, Cooremees ans feakye | (or Soe Bo 8 601-90 51 
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Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Actual conditions 
occurring in past as 


Complete regulation 
system, assuming 
8,500 cfs. diversion 

at Chicago and new 


TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 


Partial regulation 

system, assuming 

8,500 cfs. diversion 
at Chicago and new 


given in record Welland Canal Welland Canal 


Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1886— 
JUNE ee en aaa 602-01 SI AT caey ae ey, Meee a2 cee 602-39 52 
A Aig Sid Bae AUC olaenceeean 602-08 fed a eae es cnt faktacueas Ceeeitg ceo. ¢ 602-58 52 
AUP US ee he ee ene ene 601-99 Se eek teint etal (aconaiecicte Gree 602-67 81 
September: S029... gee 601-97 SO: HRs nie te le eps ean Sete 602-64 105 
October? steered 602-07 SG: Alte Pe EME Ue ee ierealy 602-61 104 
iNovem bers ss.) en es sae 601-92 ro | WERE alae || es A) See ed 602-54 102 
WMecemiber: (As) esee ss es: 601-78 TAS BIN sae Re AR BIRR A tie eo 602-33 100 
1887— 
PANUATY Ane ae eh. eae 601-47 GO Oe ides Sie GTR Seen os heres 602-03 51 
IReEDTUaLY go eet ee eee 601-49 G6: Rae ek au ion = ae Banat 601-95 on 
Marchi 2: acca ee. ae 601-80 Gd. MES rokiod Sele Sect cee oe tere 602-14 78 
UNS OY il eee Nc ters eee MOP 601-97 G2. A es 2, Ba Ale 2 waits 602-35 115 
A gee cls) Spa Rtaeney peek ee 601-76 (CEA HAY cca icesctacicrs 404 602-16 51 
June 601-92 SL Pa LN Oe, Se ER aie coe as 602-20 52 
OT hits saaee Sea Nan Ares cei 602-20 OO ek coe Pe ARR 8 eat 602-50 52 
PNUSTIST. «Aico MONO ol ictarae 602-28 Si Ala yb chie Motel ee ee eee 602-79 106 
September Gh ek ae: 602-14 S40 IR eee cS Bama. co. cia 602-71 105 
October rhs Wee wey Lhe: 602-07 BS: FN NOE, che CMe ues, feos lereeteato 602-54 102 
INOVemDer ie eed... qaat 601-83 Tied Peat let (ance ee Bic 602-34 100 
December...... 601-61 Ue ROR A AOS inic ts tebreats Go b 602-05 51 
1888— 
Vanuary. cb es eee cle aes 601-50 GOT ec A ee Sis RARE cia kee 601-96 51 
February... 601-51 6) Bed rN erat caekes ee cd acme chose 601-96 51 
MMiarehiies Soren Nye ys ial se 601-44 OAR: | (Aaah arch Ser aes Ah Leary cedar Gite G 601-95 51 
F254 05 4 SERED Sect 8. Oa Bu 601-44 62 Mee rete ete SE oie 601-96 51 
nada Ripon Stee ened NON ea fs 601-91 (RT ee aiaaeee ceo Slterctciad ton foe 602-22 52 
AED CES Sige A hn er ge UE 602-69 OG fae se keel Bo. Bh ee le eee 602-92 125 
ATO by hayiaies aul Maye. abl shina ne 602-88 D9) PEN. 6 eee AA eee 603-31 129 
PATUSTUS Het bet Ree te alte 603-02 CDR) | eee ae oi | de Sh cdaet ce G 603-39 129 
September. war ee. cs 602-97 Oi Es 2G SETA, ate con. eee ae 603-35 127 
OCTODET AE sR tira 602-88 OF Pele ah ke aes OE SA, A oe 603-19 110 
602-74 OS Pe ilecd cytes sree ate otteaie vs aie eee 603-03 108 
602-39 Yel | leReRSE PR RERr ats co lit cache cts 602-74 104 
602-07 Vie A Ve Rita ReALERS Bites Deec-CaCeA aty:c 602-33 78 
601-85 O10 bal Para eHebereees ae Irae ca PEAES Lees, 602 -04 51 
601-68 Gl ae Roe nie stata br ene es 601-88 51 
601-69 TY M ts A EROS Feo) (Cito ciercte os « 601-85 51 
602-04 Li al GRRE coal Mcscent A aes Boe 602-07 51 
602-16 5 Pe taal REREAD Ct Cee EMBERS Cito 602-39 52 
602-35 OVA tl APPR RAI AR iol Vcc CES one 602-63 82 
602-54 5c | ERE BATE Chetice hen SUCRBUCRARGS Case 602-84 108 
602-67 Gh 0) APPS EEEEA Cost) Wabash eR etS fo O 602-94 108 
602-51 fol | epee Rees ee | (eas ORES forthe 602-86 106 
620-20 (ic NE | (ENA ORS eas cabo co in 602-56 102 
601-90 AU isl (RRS PRAER PS | Rte oerumtine ot 2 602-18 51 
601-76 (ft Gila teas eAeess pr iaencoamarae otis 602-02 51 
601-63 GO! NTE alle ar een eee nein 601-95 50 
601-39 OO ee resol tcc | eee etane tele tee 601-78 50 
601-36 OD APRS co sche take de he ee tera 601-67 50 
601-57 GBS AL Ee Vor at ate atal ote ei ree et ket teaaeae 601-79 51 
602-02 SO a el Ae Re ore raectae 602-17 52 
602-32 ST OMS CIS aD Sgt |. eee ca teercies aes 602-62 81 
602-47 Cots fll JOR PRPERHIENS csics] | Gabe 6 CRN rO cata 602-87 108 
602-60 +2 Sl Depeeen eA pier mas cle concer PROD 602-94 108 
602-57 BoB rl A eae HI cee 602-92 107 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1890— 
INOVEIM DEL at ess cate eer 602-36 TOME coe cals seed ARs ccoctaee s 602-72 105 
ans a hat | See a 602-00 CSS | Rete la 1a sen a ee 602-36 100 
1891— 
ANUAT VIL ise ee sie sees 601-64 HAY). = | Ae 5 ‘oor C10 Sen Se 601-92 50 
ie bEUAI ents eeent ccacla as 601-51 COD ae Pm se Ns Seen Bea 601-70 50 
March 601-47 Hey canter: Pes ILO» Ree Papaya 601-63 50 
VA Drill eee actos leila 601-43 OP ne On eb Ree Ba 601-62 50 
AV eee re ew core chit 601-63 SA Reet, eke Adin 2 2] Sa Bias ke 601-73 50 
JTOYS eels SIRE cape eee Cea 601-68 OME aoe Sen Tee | PE a's cick ote 601-92 51 
3 cl id lees, Se aA AS ne 601-88 ET OR aioe Sia YOR RS On| RRR os Seat a nie 602-10 iil 
PATIO USUSEE enon acces feo Si 601-86 TOTP, Clk Wccuseeerees Gente 2 602-25 77 
Septem bere. arte sickie ats 601-82 ELI esusco is SPAN RO oceans 602-21 78 
OCtoOber sy. hg rey vee he wate 601-91 baie here eclthe eee AAA taht ecaia tse 602-21 77 
INOVeMbDer ee eee sachs Ae 601-79 OM cists. 9s ReP AO RD oR av cal ater a 602-18 76 
Wecem bert aan ae ates nl 601-42 ES ER ines. ee lar | aemagieae Er we 601-91 50 
1892— 
VASAT Veer vette le chs 6 ats 601-42 G2 sh ivice RR eee eR cc avx a oto en 601-76 50 
eb TUAEY tee ties 8 cnt 601-14 UM a shoe << Re RCE 5 Gir a ome 601-66 49 
iar Clyec mee ee sists sets 601-01 SGI MISA Mena? Pee (A Seem Peace 601-47 49 
UNoral rn See es oes Geta ke 601-02 DAMM ahs seat ara MOD ows hia 601-41 50 
ANE Reece ch oe 601-35 BPM wees. cisco ad aN Popmeetnate sche we 601-59 50 
A ATES 54s 6 SORA ea See Re 601-73 OR IO Panis ae | ed eld Sa ee 601-79 Di 
Aibillay7 poe Ryser cheachcche eats es 601-76 st RE eee Sears eM | Ma Bea 602-06 51 
INUPU Steck ot mite Sot rch ek 601-88 OGM treats SROR Ta agente qolaye 602-20 78 
Septemberse sees. ee 601-93 (OME 2 deere Seared? See eMNR ecu, Bg oat 602-28 78 
OCEODET Re oe erecta ae 601-83 AIA is sis. eA | Dosh coe 602-24 77 
INOVeImberee ines acute ee 601-66 GSMO oe 45. eed eee el adba aan 602-10 51 
MIECEIUD CH Meh tes oss shea 601-38 GSP g oka ell atc wsstavars 601-92 50 
1893— 
aan hea as Seas cocci He ets 601-10 QR catches SIT caso hae 601-68 50 
February 601-01 AG MIN 3 odie. bok cates OM RM aosustolones 601-51 49 
March 601-06 AQIMAN SS. ka.crn ecaterey SRE alae of tees 601-47 50 
VAC Tal eh ra: ete eee coat 601-16 aN 5 I ras Siar BIDS 2 5 Diane emer 601-55 50 
Chic AB OsiaS-acc te meee 601-66 GOV se 5 SS air c REMORENED wr ns hah ees 601-86 51 
UNCH Aae eee. kee 602-18 FsS, AN Arata 8 Ree leg Aone, Pre 602-41 52 
DULY Boo ae as Actes 602-48 7855, | (ee ee P| Saas Rape 602-88 83 
NUCUISteE SE Came oe eb eae 602-54 SOMES a, Meee Uae acne Sa yet 603-05 109 
September sce ee ws mists oe 602-45 UUM is dic, sic ce RS ae cv shatiar ae 602-95 108 
WCGOWSD Ae seme senshi 602-42 Bi Oe ee cies ac See Re 602-80 106 
INOWeMmberare heen ocr. .on 602 - 26 755, | Ue se, Bara UY OL arn Bee 602-61 103 
MMCCeMMIDEr Nese... = chs 602-03 (tech peer Res, Sake, |e. 2b Irene, Bae 602-33 100 
1894— 
ANUATV Ate cea case 601-85 61 602-69 70 602-03 gl 
February 601-67 59 602-48 56 601-88 50 
NEAT CH actlarte bei cee shea 601-76 57 602-43 119 601-84 51 
oN rilweny a oer eee aah ake 601-91 64 602 -36 111 601-98 51 
BY ee VOR aoe ak oR. 602-69 83 602-70 120 602-48 81 
June 602-91 88 603-08 126 602-99 125 
uly eek ace tec ake sie 602-97 90 603-12 56 603-02 125 
NUD US Et ha anoies th Pas 603-10 90 603-32 96 603-01 109 
Septemberet eras nn ots 603-02 88 603-32 99 602-98 109 
OctoberAe as shee ss sea 603-04 89 603 +25 78 602-89 107 
INovemlberus fuss: ssh oa 602-99 87 603-27 128 602-82 106 
“Decemberve sss. tah 602-80 81 603-03 124 602-64 103 
1895— 
VARUALV On eens on ch NRE 602-50 75 602-60 92 602-33 ae 
HG DTUATV-see ene oes oct 602-28 73 602-34 95 602-07 51 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 


Stage Discharge Stage Discharge Stage Discharge 


(a) (b) (c) (d) (e) (f) (g) 
1895— 
March 602-11 69 602-06 60 601-92 50 
JsXy0) ig ees Se | Et Oe 602-01 68 601-96 50 601-84 51 
Mia eee tars syn ierecaciac bees 602-38 76 602-16 50 602-02 51 
UNE .).1 Re tee Mneescvolotnerac 602-70 84 602-57 119 602-45 D2 
DULG tt ethos hej 602-90 88 602-73 121 602-79 82 
FATICUBHE,. Arc Ae teu beonk 602-95 88 602-75 121 602-94 109 
September Ley eetc sicher 603-09 92 602-75 121 602-98 109 
October. oe i eee oe Re 603-14 94 602-66 120 603 -02 109 
November darkens. seein 602-85 84 602-57 119 602-85 105 
December...... 602-52 81 602-15 79 602-48 101 
1896— 
SANUATY x ds Meets cs polsrce 602-32 71 601-88 50 602-15 51 
February 602-12 71 601-75 50 602-01 51 
Misr chit ean ceteris 601-92 67 601-60 50 601-86 51 
FADE 1. bend Md ctarere teks 602-01 69 601-59 50 601-86 51 
1 Rie Lerner ae SER ame Are 602-66 80 602-03 112 602-28 52 
UNE IR, fo ae ee elon taeeacs 603 -04 88 602-44 117 602-88 123 
July 603-10 91 602-58 95 602-99 123 
PAP USGE LACES EONS cic biases 603-12 91 602-60 74 602-93 109 
Septem beri ih=Mitecks ae 602-95 89 602-58 56 602-81 105 
October Be HA nee bane 602-63 82 602-43 50 602-51 102 
INovermbertee teehee 602-70 83 602-38 50 602-32 100 
ee eee ee 602-55 80 602-45 70 602-22 77 
1897— 
VANUATY vase os eR 602-39 75 602-33 97 602-08 ot 
February...... 602-16 69 602-12 60 601-96 50 
March), t(Ghee sence ke 602-08 70 601-93 50 601-84 50 
BX ral eee ae ele Pees ce Tee ea 602-11 Zit 601-94 50 601-88 51 
NDA: ete een A cere oe een 602-45 79 602-21 50 602-12 51 
VUNCHI 4 eh ek oes 602-78 86 602-63 86 602-54 81 
HIATUS Lae a es 7 ee Se 603-08 91 602-95 119 602-86 83 
PATICUSte. £.. PRE MOM cea kere 603-20 93 603-07 80 603-10 110 
Septem bere. ecco beass: 603-14 90 603-13 70 603-08 109 
October. BRIO oc skort 602 -94 87 603-07 78 602-89 110 
INovemilber: fe bee ....6 ss 602 - 64 86 602-84 50 602-57 102 
oe SBA AR sd ee 602-21 76 602-57 50 602-16 76 
MANUAL. 4. eee ae: bien: 601-83 67 602-25 56 601-76 50 
Hebruary,.. dene oes 601-65 62 602-04 50 601-53 50 
March 601-46 59 601-87 50 601-36 49 
JG) 1) Re Res apk bh An he 601-46 62 601-80 50 601-30 50 
L'a gee toy fie Aa ence GA oer 601-70 69 601-93 50 601-45 50 
UNO ARs, 5s eI oes Dae 602-18 a 602-35 50 601-87 51 
Julyave oh A tee 602-59 82 602-89 123 602-38 52 
Auisustee.4: ee ee et ee 602-72 84 603-03 101 602-74 106 
September. Ace onc bc ck 602 82 85 603-10 95 602-80 106 
October:4225e0es be 602-76 83 603-08 72 602-75 105 
Novem ber este. nee 602-56 81 602-99 50 602-55 102 
piece By aR Ia 602-33 80 602 86 72 602-27 77 
1899— 
VANUALY. «$e. see ok ae 601-96 69 602-59 68 601-98 51 
Hebruarys..e eas seo 601-76 67 602-31 50 601-75 50 
March 601-79 66 602-27 91 601-70 50 
Exp rl: as:2 oO cs. bbe 601-76 64 602-18 92 601-75 51 
MES Chg ae oat eRe 602-47 82 602-47 118 602-12 52 
JUDE S430: Sh Ree, bark 602-96 89 602-95 124 602-82 123 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIO R—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system, assuming system, assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1899— ‘ 
PAUSISE. ) <a diye ods hee 603-35 96 603-31 80 603-17 127 
eptember pane Bies a. le oa 603-51 100 603 -33 131 603-24 112 
October dee ah ss ose ak 603 -32 95 603-41 129 603-19 110 
INOVemibersenkish «>. ots 603-21 92 603-17 80 603-00 108 
WO eCOMUDeLr eet. freee olde Oe 603-00 89 603-03 125 602-78 105 
1900— 
PANUATY 0) Ra 631s 3 ee 602-63 79 602-63 70 602-45 78 
Ie bTUanVer amt. sn toe a 602-45 76 602-38 85 602-18 76 
March..... 602-23 72 602-15 58 601-96 51 
PAD Ile t,t ee enc a hes 1H 602-13 iP 602-03 50 601-87 51 
IN AAP Ea i okS CERES CREO 602-30 76 602-13 50 601-96 51 
UNC ee Oe. ee eRe hsb pe 602-36 78 602-32 50 602-15 52 
July 602-58 82 602-54 50 602-36 52 
PATIO USHie.e ook PG © och ae 602-94 86 602-89 110 602-75 108 
eptember wa. cape ee ek. oh 603-46 94 603-43 131 603-12 112 
@CTODEE. Chee HEN cone ee 603-54 95 603-49 131 603-36 113 
INoVemMmberee tier... 6. ae 603-51 95 603-40 130 603 -34 112 
Beet “hee ve ae 603-13 85 603-09 75 603 -08 108 
ANUAL Vine Hee Neh sche ae 602-78 80 602-77 ail 602-65 80 
February 602-48 75 602+45 68 602-33 78 
Marc 602-28 68 602-18 52 602-05 51 
WA Dri Ao) Hee eeR cc dos at 602-22 70 602-11 50 601-97 51 
Ma Vitesse RR. cc see be 602-51 76 602 - 24 50 602-14 52 
June 602-61 79 602-56 50 602-41 52 
July 603-09 87 602-94 124 602-77 83 
PATIZUSOS Ee ee. ok 603 - 22 90 603-13 126 603-09 110 
eptember wee ws. ek lat 603-04 87 603-00 50 603-01 108 
October: tse eRe... ok oe 603-07 78 603-03 50 602-87 107 
INOVeM Der Ae. nae. 3. .k. aE 603-00 78 603-10 126 602-77 105 
: Wecemiber’, esas. < «sb: 602-68 72 602-75 62 602-49 101 
902— 
METUATY beat st 8 ks 602-32 67 602-45 50 602-07 51 
February. 602-11 62 602-22 61 601-83 51 
IYI) oH Bee oe? ame oer 601-97 Da 601-98 Db 601-67 50 
PADI eet ce 2 AR HOPS cn ee es 602-02 61 601-93 50 601-65 OL 
PA one cee an ee 602-34 66 602-15 50 601-86 51 
UNC. ech coe Lapis sc ones ae 602-64 70 602-50 63 602 - 22 52 
Daly pee acee yee aet ahone 602-88 74 602-80 60 602-54 52 
PAUSUSG ftom. 2s 2k ae 602-89 76 602-96 50 602-73 106 
PEpPveMUber cys. eye se sk sh 602-93 77 603 -07 59 602-67 104 
M)CtODer es kets 20k ae 602-81 75 603 -07 74 602-54 103 
IN'OWeIlD OT nia arm cc... ae 602-81 75 603 -02 50 602-40 101 
woe 602-58 70 602-97 115 602-21 76 
03— 
MANUAL Y8 «eee « cb ee 602-24 65 602-56 57 601-90 51 
He Druary; oc seios «teste she 601-98 61 602-30 50 601-65 50 
March 601-88 60 602-13 50 601-49 50 
SDT es ok Ro Mee « cc ce ae 602-07 62 602 - 22 84 601-56 50 
is lacieaiesiet Maat: Seat A uaa Gone a 602-56 70 602-48 118 601-93 51 
DUNC 2 neat sams sees cok oe 602-94 78 602-78 122 602-42 52 
SUS fades cece 3 BBmeree® Ses 603-14 80 602-94 74 602-79 82 
ATESUSU? oe eat aS sols ok ae 603 - 25 81 603-11 50 602-94 108 
BeplemMber.p a. cess. sk oe 603 - 27 80 603 - 26 54 602-92 108 
October ea. ron sce hoe 603-40 81 603 - 42 87 602-91 108 
INOVeImber ee. san... a 603-18 81 603-36 129 602-79 104 


IIECEM DEL sae Ges ak ae 602-80 74 602-90 59 602-42 100 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system; assuming system; assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthl 
Monthly mean of month mean of month sean 


Stage Discharge Stage Discharge Stage Discharge 
(c) (e) 


(a) (b) (d) (f) (g) 
1904— : 
MANUAL Ys oe Re eee ne 602-50 72 602-61 64 602-00 51 
Mebruaryics seek eck ae 602-33 71 602-41 78 601-83 51 
Warchie) ven ce mececbats 602-23 67 602-24 81 601-75 50 
VATA eos Recta eee tates eee 602-17 7! 602-15 50 601-72 51 
MAY Sole heen tctmerac ic erties 602-47 76 602-33 50 601-89 51 
SIUM ese cieesc ous sergebekeke se tetas 602-77 82 602-70 : 50 602-27 52 
DULY ihe aes puree tatepetetoned ctoceters 602-86 85 602-99 50 602-55 52 
PATISTISU moses citron t coke 602-95 87 603-17 50 602-74 106 
Seprem bere eee. ae 603 -08 88 603-40 115 602-79 107 
October te chee eae 603 - 26 91 603-48 50 602-89 108 
INOVETMDER es certs cheat 6038-19 88 603-65 18° 602-89 106 
Decembertae nee ste ton 602-74 82 603-25 128 602-57 102 
1905— 
WAMU Ge rere eee ieee 602-47 78 602-77 53 602-15 51 
Webrvary. seeeer seca 602-13 71 602-54 100 601-93 51 
i rio) shee le a Oh enna Ebr 602-04 67 602-23 74 601-76 51 
RATT Ae beeen oon: ieee fates 602-25 74 602-27 124 601-87 51 
MAN cc ure etc e en 602-49 80 602-35 55 602-16 52 
JUNC Mut ects cee ee eras 602-67 83 602-62 50 602-46 52 
UY ae fs cece weer tees 602-97 88 602-96 50 602-78 82 
FANICUSTAE Wim teen thie ae 603-10 88 603-28 114 603-01 110 
Septemben.n eran we 603-32 89 603-37 113 603-13 111 
Mctoben-+ eee eee oe cee 603 «33 94 603-42 130 603-17 110 
INovemiberserr ue ac ie e oe 603-17 89 603-23 124 603-05 108 
Wecember!ay see ee 602-96 84 602-94 90 602-80 105 
1906— 
JanUaAty eae eee eee 602-72 82 602-70 69 602-52 79 
Webruatye verre vee ee 602-43 1. 602-48 50 602-27 77 
UWE 0 TRE ee oer rl IO ESE 602-22 74 602-29 50 602-00 51 
AGO nt Seog fe Saei a ances vena, San 602-15 76 602-21 50 601-93 51 
NDA VCR Ee teen ten ise caters 602-48 82 602-43 76 602-13 52 
JUNC oe eee 602-78 86 602-76 122 602-53 81 
UL aca ee et eee 602-90 89 602-87 64 602-75 82 
AUQUSU pee area tee ee heens 602-93 88 603-02 50 602-85 107 
Sentem Del wen tac emrtEe 602-95 88 603-15 76 602-82 106 
OGtODer st tener co ae ae 602-84 87 603-13 83 602+72 105 
INOweMber. arene ae te 602-66 85 602-98 50 602-52 102 
adage ag ae ae 602-45 79 602-90 50 602-27 77 
1907— 
ATIUATY O88 ee enero ore 602-22 74 602-76 59 602-06 51 
Hepruarviet ecco eee oe 602-06 71 602-62 91 601-94 51 
Merch er een recto Mia 601-94 66 602-40 108 601-84 51 
ADEs eae een oe ete 601-94 71 602-21 on 601-83 51 
I ids saat Oey) ube 602-10 73 602-34 50 601-96 51 
UCM Seah ane eee ae 602-55 79 602-71 75 602-33 52 
Vivant ee eee rie ee ee 602-70 85 603 -03 69 602-71 82 
FAUCUSG. et conte arate ee cre 602-93 89 603-26 94 602-91 109 
Sepvecm bers. cn oe ane 603-17 93 603-50 131 603-09 110 
OCCODCIME  cprteee cee 603-15 89 603-50 130 603-14 110 
INOVCInIDera treer. sash te 602-88 88 603-20 50 602-94 106 
Gee a aa ee 602-53 82 603-00 64 602-56 101 
DANUATIV A Cee ee meee 602-10 75 602-66 50 602-12 51 
Mebruairye eit ee 601-87 . 69 602-43 51 601-86 51 
WMiarch Syren Ree 601-72 65 602-27 77 601-72 50 
YTD rll ae ea een ee ee ee 601-63 62 602-12 50 601-65 50 


IMB Ya ce cae caer omen hd ate 602-03 68 602-30 50 601-83 51 


St. Lawrence Waterway Project 139 


TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system; assuming system; assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthl 
Monthly mean of month mean of month nee 


Stage Discharge Stage Discharge Stage Discharge 


(a) (b) (c) (d) (e) (f) (g) 
1908— 
JATIN SR ase Oreo cae cicaenne eee 602-57 79 602-82 122 602-36 by 
dW ideas Nee Ey! Ae eee 602-85 88 603-12 127 602-84 83 
PNUIOUISt NE ici cetronre coarse 602-92 89 603-19 59 603-03 109 
Sepeemi berate a. at ae 602-77 86 603-23 67 602-94 107 
October). Mewes ls gee 602-59 82 603-11 79 602-70 104 
INOVeMber, Haan «=o dnce 602-23 80 602-87 77 602-37 100 
Wecemi bers swucoes oss tests 601-99 75 602-56 83 602-00 51 
1909— 
MANUAL Vicia teen st ok 601-69 67 602-27 61 601-81 50 
February 601-46 60 602-02 50 601-60 50 
Mare 601-35 53 601-87 50 601-44 50 
April 601-29 54 601-81 50 601-37 50 
Iyer Ee eer RM dot) od 601-62 59 601-93 50 601-51 50 
June 601-94 68 602-30 50 601-86 51 
AUVs ek aan, Oe ee a 602-18 73 602-63 50 602-19 52 
PNUD USU AR erp eeiaa ait ate 602-40 82 602-93 66 602-49 80 
Sepvember: sew weal. oe 602-40 83 603-07 98 602-60 104 
October4.. ee ena ook 602-29 80 602-98 103 602-48 102 
INOVEMDER AEE aiee soca 602-26 73 602-83 99 602-35 101 
Mecember: er eiaes ne tec 602-26 79 602-75 79 602-24 78 
1910— : 
SANUAT I Stn to cass te abe 602-01 71 602-63 77 602-13 51 
February 601-74 66 602-35 84 601-93 51 
March 601-51 62 602-03 50 601-71 50 
PAD ILA Sayin ee aes © coy oie 601-62 60 602-00 50 601-68 51 
IMIR Vivcnec cio AEN Kieu cake 601-75 62 602-15 50 601-83 51 
June 601-90 69 602-33 50 602-00 51 
RL Ves orcs ci he meer ees to asic 601-88 72 602-45 50 602-12 51 
PATO US UN Acrtere. re teeta eocRe 601-97 73 602-55 50 602-22 78 
Septem berate. aatiens .g--ae 601-96 74 602-66 50 602-25 78 
OGLODER A ate Re eietd ae 601-92 73 602-70 50 602-21 radi 
INOVEMMDEE Sinai an dee 601-68 69 602-63 50 602-06 51 
IDECEMDEL esas Fee oe ack oe: 601-41 62 602-43 51 601-85 50 
1911— 
JENA ag week noe, bt ee 601-07 55 602-15 59 601-58 50 
February 600-89 ol 601-87 50 601-34 49 
March 600-66 49 601-65 50 601-13 49 
WAST eee ae se MARR cs ats a 600-54 50 601-48 50 600-96 49 
WT has oss hoarse rere ctoaray ele 600-82 54 601-57 50 601-04 49 
ANG sas i eee sero neee 601-27 56 601-93 50 601-42 50 
CSUR 0S Brees Re tu nr Seen 601-62 59 602-36 65 601-83 51 
AU SUSE raster caer oe ae 602-09 62 602-74 121 602-27 . 79 
Septem Der meso. «clades 602-18 62 602-85 123 602-50 80 
WGtober ss. we ee 602-18 62 602-73 64 602-48 102 
INGVembDer ees ite ccd 28 602-03 61 602-63 50 602-29 78 
December...... 601-90 EY 602-53 50 602-10 51 
1912— 
ANUALYA te SAT caret 601-76 56 602-41 50 601-99 51 
February 601-53 54 602-23 78 601-82 50 
March 601-43 53 602-00 50 601-66 50 
JXVOT eI] ses So Rl 601-45 54 601-98 50 601-63 50 
nipeeiecua ieee > nt . MPa a 3 601-90 59 602-22 50 601-87 Sl 
June 602-20 63 602-63 58 602-27 52 
Uy. cee Ace Me ais te ae 602-35 63 602-87 50 602-53 52 
ENURUStit et naa te tae ee 602-53 67 603-07 50 602-73 106 
DEPLSMADET eens «nga 602-65 68 603 - 26 50 602-76 106 


October. Wawa sees oe soe 602-60 69 603-35 53 602-68 104 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 

system; assuming system; assuming 

Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 

occurring in past as at Chicago and new at Chicago and new 

given in record Welland Canal Welland Canal 
Year—Month complete complete 

: First Monthly First Monthly 

Monthly mean of month mean of month mean 


Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1912— 
INO Vemlber. Wee ht 602-44 69 603 - 22 60 602-47 101 
Wecem ber: 4s 2 42 602-20 65 603-11 53 602-17 76 
1913— 
JAMUATY<. 04, Sas Mee ge ee 601-89 62 602-89 82 601-87 50 
February 601-57 61 602-52 50 601-59 50 
March: 3 )..0%h caw. tess 601-51 58 602-58 73 601-42 50 
pA ocak. tree ee 601-64 62 602-57 50 601-48 50 
IVEY iene soles: ea teay tr 602-07 67 602-65 § 601-79 51 
June 602-36 69 603-05 125 602-20 52 
ULL eich aks AEE, co te ae 602-64 71 603-18 79 602-53 52 
AT SUSH Sit fe cI, cloak 602-78 73 603-36 73 602-80 106 
Septem Der sc. tie ede ik 602-83* US 603-46 93 602-80 107 
October. 1. kee ad 603-02 78 603-56 131 602-86 107 
November Jag,6th i. dant 602-88 76 603-39 125 602-75 105 
December...... 602-70 73 603 -07 67 602-50 101 
1914— 
JANUALY 08. Sey: aboe 602-40 71 602-87 82 602-18 ot 
February 602-21 68 602-59 98 602-00 51 
WY oC) OAR, ence 2 Re Oe 601-92 65 602-23 52 601-79 50 
BASODIL, osc chy eae crcl 601-84 64 602-08 50 601-65 51 
Ut Beep GAL ERE ae ene CARE 602-23 69 602-29 59 601-84 51 
June 602-46 12 602-63 83 602-21 52 
ANU AeS ere ee Pre eee on en an 602-68 73 602-83 50 602-49 52 
SAG OUIS ta teks Pet ees soo gas fl 602-75 75 603-03 56 602-70 pes 
Septem ber..age ies wo cho vik 602-81 78 603-16 74 602-74 105 
October? 4 weiter ioe heck 602-73 89 603-14 58 602-65 104 
November. 2:.auee . 204. .2 602-45 87 603 -07 99 602-43 100 
A sacar ea a oe he ea a 602-09 70 602-72 66 602-06 51 
1915— 
JATUATIY cls ce PE Anes tack 601-82 66 602-41 50 601-81 50 
February 601, 69 67 602-26 82 601-65 50 
March 601-47 66 602-03 50 601-51 50 
GAOT Shy: ees SAO 601-32 63 601-90 50 601-37 50 
INRA. Geen ra OR ergeee ENA Fea 601-61 70 602-01 50 601-48 50 
June 601-92 (WP; 602-36 85 601-83 51 
JULY erent hve te ee oe 602-25 77 602-65 50 602-21 52 
bATISUSt a? she & os, Fees sks hoc 602-36 78 602-94 124 602-50 80 
September............... 602-40 76 602-87 50 602-57 105 
@ctober. 45. Acedia 602-73 75 603-15 127 602-66 106 
INOVEM DEP: fantasy ck 602-81 We 603-19 127 602-78 106 
idee Bere on See ORF 602-69 73 603 -03 125 602-66 104 
eae 
JANUALY:: 1. Ae ee ke 602-60 70 602-76 93 602-46 i) 
WE DTUATYs «tases. rack 602-41 69 | 602-58 100 602-30 77 
Miareh: < 4.. a8 eee dak 602-15 69 602-24 50 602-04 51 
PADTAL  iscton abba Raia crested 602-34 74 602-27 75 602-06 52 
INT ice te. aac coe ee Qe 602-96 83 602-67 121 602-53 121 
June 603-43 99 603-09 126 602-96 125 
A VU ae ee as cet We) Ce Ge, 603-60 99 603-33 71 603 - 20 126 
AUZUSt a dakin Sethe dk k 603-69 105 603-56 83 603 - 25 128 
Deptem bel: ay... -c44-08 603-81 17 603-73 134 603 - 29 112 
October. setae ne 603-64 119 603-64 133 603 - 27 111 
November. sem. ean =. 30:6 603-45 116 603-43 73 603-12 109 
aliens ie cae aa 603-13 » 110 603-28 54 602-87 106 
1917— . 
JONUALY ..b.. Au eeb a daG 602-75 91 603-12 126 602-54 79 


Hebruarys. 22, Heb od. ok 602-42 88 602-67 51 602-22 a7 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Complete regulation 


system; assuming 


Partial regulation 
system; assuming 


Actual conditions 8,500 efs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthly 
Monthly mean of month mean of month mean 
Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1917— 
March 602-33 86 602-55 119 602-02 51 
TATU yr rob. dee tetas pie ke.» 602-28 90 602-37 88 602-06 51 
IY Raat eh ae Stree ae 602-38 92 602-41 50 602-19 52 
AULD G costar aes Meee Pane easel hes 602-60 91 602-68 50 602-47 52 
+] At Rae ee ee 2 See Ba 602-65 87 602-94 50 602-72 81 
PNUEAVEN icici) ARRAS CONE ONS We 602-69 76 603-10 50 602-78 106 
DeEpteMlDere. «see Worcs ites 602-73 74 603-21 50 602-73 105 
Octobersot.. pedi ce- te 602-67 78 603 - 28 69 602-63 103 
INOVEMIDEI: ota eter. on den 602-46 74 603-17 55 602-42 100 
December?s fe ae teers tev 602-16 59 602-97 57 602-09 51 
1918— 
LECH tala cr dames Ot sot ae eS 601-93 60 602-73 72 601-85 50 
February 601-71 58 602-46 56 601-65 50 
March 601-61 59 602-30 50 601-5 50 
NH Rillins See dae ee SSPE ee 601-46 58 602-20 50 601-41 50 
Nay Aree sete Seen rege: deo 601-74 59 602-29 50 601-49 50 
June 602-10 65 602-63 50 601-84 51 
Mttlivrsan total tee Oboe re cha’ 602-26 58 602-94 53 602-14 51 
INUIT GAR es ADR ROG OEE ee Oe Be 602-42 61 603-11 50 602-32 79 
SEDLEIMDCEN ee Pkpaics fo. 602-54 67 603-28 82 602-41 79 
Octobeyien ermieniya md: 602-49 69 603-27 84 602-41 102 
INOVember. seprguse-a.. 4+: 602-55 64 603 - 23 103 602-32 100 
WDE CEMbEeT wash teria. © So 602-43 55 603-08 67 602-17 67 
191 — 
MANUAL Y.§. ioe wemtcpete. dens 602-28 55 602-94 90 601-98 51 
February 602-09 53 602-65 97 601-82 50 
March 601-90 53 602-31 50 601-62 50 
gia eave eet tas SE eee Bet 602-03 53 602-29 54 601-60 50 
Wives ee er hearars at. 602-26 55 602-47 50 601-79 bl 
June 602-46 53 602-68 5 602-02 51 
U2 vse oe Ra te RR eae ae 602-60 54 602-88 50 602-19 51 
NUCUS UME Ret eer, Tae 602-60 52 602-96 50 602-27 78 
Septem bexrk yey eerie teu 602-56 55 602-95 50 602-17 aa 
(OC waa aa tec e jee eon ae 602-48 55 602-90 50 602-05 51 
INGO oeIP Sa eee ae 602-50 56 602-89 50 602-03 oll 
IMecemibers. cae. seed 602-32 56 602-69 60 601-96 51 
1920— 
ANU ARV no oh are ee mee oae a a: 602-07 57 602-59 58 601-77 50 
FOOL MALY» an teen aetercrvans dete 601-90 56 602-38 87 601-58 50 
Miarchanns tat 601-91 56 602-20 98 601-51 50 
STOEL Benes teak oret ee eters Bee 602-25 55 602-25 115 601-70 51 
Fin earl eRe oat se Bh 602-39 74 602-32 50 601-95 51 
June 602-74 77 602-60 65 602-26 52 
AKER HOHE Gee 28 Se Org 602-93 81 602-94 86 602-60 81 
INUSUStR PR on ae ceric 602-96 100 603-04 50 602-71 105 
SSCA Oc See eye oe ee 602-80 81 603 12 50 602 - 64 104 
WCtLODeT yb sire cee 602-68 59 603-07 50 602-42 101 
INOW CMD Cit ara eetane torecth.: 602-47 58 602-93 50 602-13 76 
Wecemibers igen dees 0. ters 602-24 55 602-73 50 601-85 Di 
1921— 
ANUATY 3 nae tee eRReE eon ast 602-07 53 602-54 50 601-67 59 
February.. 601-75 54 602-30 50 601-43 49 
March..... 601-54 52 602-03 50 601-17 49 
April 601-68 53 602-00 50 601-14 49 
WMieiyor terreno ren Pee 602-11 48 602-30 50 601-43 50 
June 602-42 46 602-66 50 601-80 51 
July 602-58 54 602-88 74 602-01 51 
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TABLE 9—EFFECT OF REGULATION—LAKE SUPERIOR—Concluded 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Complete regulation Partial regulation 
system; assuming system; assuming 
Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 
occurring in past as at Chicago and new at Chicago and new 
given in record Welland Canal Welland Canal 
Year—Month complete complete 
First Monthly First Monthl 
Monthly mean of month mean of month eae: 


Stage Discharge Stage Discharge Stage Discharge 
(g) 


(a) (b) (c) (d) te) (f) 
1921— 
PAIS ARE eeeraore aia eetae 602-76 54 602-98 91 602-19 51 
September, saree aaciacske 602-69 56 602-93 50 602-26 77 
Octoberathameemen oes 602-55 55 602-82 50 602-09 51 
November samen ane 602-22 48 602-59 50 601-87 50 
Pega ee etal Ae OE 602-01 45 602-33 50 601-59 50 
1922— 
UOWUATY oo ket el ieee ones 601-64 42 602-03 50 601-28 49 
Hebruary. go seneumme-set 601-45 44 601-72 50 600-99 49 
Mist Gh Ga iene recta cantar 601-33 44 601-57 50 600-81 49 
Jal ort OR ea ral VR bee ot ae Aa ce: 2 601-47 44 601-55 50 600-81 49 
BME eh ce eee meee 601-96 44 601-85 50 601-10 49 
SUNG a PR cent carne sie ieee 602-22 41 602-20 50 601-46 50 
ATU B Ale ghey debi ey ee ha ae Nie 602-51 43 602-45 50 601-71 51 
PNAS Tea SEA get at ee POR Ry te 602-65 44 602-65 50 601-90 51 
September: Aancrien kenck: 602-72 43 602-74 50 601-99 51 
October re wrens 602-52 AT 602-65 50 601-90 lil 
Novembercsrrdcee dere 602-37 48 602-46 50 601-72 50 
| IDYevoreroall ere ane Ace arrcine ve 602-10 48 602-23 50 601-50 49 
923— 
nay Cone ers teas niet 601-88 48 602-00 50 601-25 49 
Mebruarys eecase aca cks 601-62 49 601-75 50 601-01 49 
IWetrchis.: See aetertiesa st es 601-47 51 601-53 50 600-79 48 
PN DEAL motes pores ener 601-41 51 601-43 50 600-70 48 
IMayiehi Ayo ee rporaeter acc oe 601-67 55 601-53 50 600-80 49 
TUNG MANE namin epost 601-69 54 601-67 50 600-96 49 
QuLy ee hemenpe dace 601-97 oS 601-85 50 601-13 49 
PAU Stanly eames soto 602-08 53 602-04 50 601-33 50 
Septem bere cevstrers ec 602-12 52 602-13 50 601-42 50 
Ouetober bed ceREneeeks 602-09 50 602-04 50 601-43 50 
INowmemi belies cele accepts 602-05 49 602-10 50 601-40 49 
December...... 601-80 50 601-94 50 601-25 49 
1924— 
ADUAT YN aatiecer creas tore 601-58 50 601-72 50 601-02 49 
Me brudly..gs cues ace ee cee 601-35 50 601-44 50 600-80 48 
ILE) Ye Saran Ba Cresiee e B 601-09 51 601-23 50 600-55 48 
PAO ER ARC es severest cat 601-04 52 601-09 50 600-41 48 
MAW ttia kon cme anges aocten 601-22 53 601-15 50 600-48 48 
RUT ME Nets Li). Gekeccaspecens cots ee 601-30 50 601-30 50 600-63 48 
SUA ae ane ES hr iedies weeny Ae 601-41 47 601-39 50 600-73 49 
JNA. Re Roa eS Roe ac 601-67 50 601-57 50 600-91 49 
Séptembersnaperarwee eae 601-91 49 601-73 50 601-16 49 
OGtober schon eee eae 601-91 50 601-93 50 601-28 49 
INowemlbertianeiaracm sake 601-77 51 601-86 50 601-21 49 
December scew ssc cee 601-52 50 601-67 50 601-02 49 
1925— 
AGH niga Onyoee 6 mate puedo 601-15 52 601-36 50 600-62 48 
February 601-00 51 601-11 50 600-39 47 
March 600-83 52 600-88 50 600-29 47 
(Nprilesueti ne wee 600-88 54 600-88 50 600-23 47 
NY Rent? en et eg eure, A 600-97 55 600-97 50 600-33 48 
PUNER AON: Coens ctakte ere oe 601-25 53 601-17 50 600-56 48 
Jaiy ee; Hoe aeccerne eek 601-42 53 601-40 50 600-82 49 
WATS UST usectors srefagens site fos 601-52 57 601-55 50 600-99 49 
Septemberssurecne creek 601-43 62 601-58 50 601-02 49 
Ostobericct Geer eny esccke 601-41 j 66 601-55 50 601-00 49 
INOMETRDCIA seein ech 601-14 63 601-44 50 600-83 48 


1861 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON 


Year—Month 


August.......... 
October......... 


PAUISUSU a. ere 
October. s..550 


1862— 


JANUATY. 3... Uae as 


October. 5: sa3055 


September...... 
October). 2520! 
November...... 
December...... 


1864— 


DADUATY .c cieete te 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation |Complete regulation} Partial regulation 


Actual conditions | New Welland Canal system; system; 
k occurring assumed complete assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 


assumed at8,500c.f.s. Chicago and Chicago and 
Other loweringsfrom|New Welland Canal] New Welland Canal 
data compiled by complete complete 

U.S. Lake Survey 


given in record 


Monthly Monthly First of | Monthly | First of | Monthly 

Mean mean month mean month mean 

Stage |Discharge| Stage |Discharge} Stage |Discharge] Stage |Discharge 
(b) (c) (d) (e) (f) (g) (i 

582-51 214 581-36 DOG Ms © ok. Patel oc ick ae te 581-50 195 
582-69 154 581-54 ba) Peele eS at anaes eee Mri 2 581-49 seize 
582-72 194 581-57 TSG ORAS st APU a 581-59 175 
582-85 200 581-70 TODO ct SA, SE Ae ae, 581-74 181 
582-97 213 581-82 200 URIS Oh URS Ce 581-94 195 
583-09 231 581-94 DDO BRS 3 alee |e 2 JU Ae 582-13 210 
583-13 240 581-98 PAS a AY aes 54 Bi UREA ee Yar 582-27 234 
582-94 237 581-79 D238 Re | oR Re 582-16 231 
582-74 230 581-59 PA All Seine Sgr, b aod ae We a 581-97 228 
582-43 218 581-28 209 TOG: jee tees Sh Aa 581-71 221 
582-10 221 580-95 DS AON 2 As, Aa | 22 ea a 581-38 217 
581-94 209 580-79 IE oil Pen Som ea eat Lege) Bea 581-13 93 
581-83 204 580-68 a A [eR a 581-03 194 
581-92 184 58u-77 ag Val tes Dane 2 ies aa 2) 581-03 168 
582-31 219 581-16 QUA ES to. Werk..S|/ace ok: cactaneas 581-26 198 
582-41 213 581-26 DOS TRA ar See S| a nme 581-48 198 
582-83 218 581-68 PAILS oi) Mies Ola.) F AAy UR Barus Ce 581-73 201 
582-99 226 581-84 Pally Wi Sens RR 8 A) RRS bor. 2B 582-09 208 
583-12 230 581-97 DOOM tc. Mats Ol, 2 hee epee 582-29 236 
583-36 235 582-21 DOO Meera. Wades els yo eee 582-48 237 
583-05 229 581-90 D2 IARI oo. Meet | ich aalehear 582-45 236 
582-93 228 581-78 PHA | ae Beas 2 ae AU ae 582-22 231 
582-70 PPS 581-55 Palsy. | die Me 1 28 OO (A Ree, ae 582-03 228 
582-53 219 581-38 DANG, 14 eke Heke tam Sensi ns 581-82 224 
582-33 208 581-18 PAU DES | tees BI eal eae Ale 581-63 194 
582-18 169 581-03 TOOM Sere. sae. at a OR 581-43 155 
582-48 221 581-33 Dis BNR ah Meee, Ag. eee 581-44 200 
582-64 213 581-49 QO4 Sa es Sethe) cto c chee tes 581-65 200 
582-89 220 581-74 QUOT devs Meee cis Shee tare oe 581-85 204 
583-02 223 581-87 PACD, (ae Red ed a Pe §82-21 209 
582-92 220 581-77 PAIGE S 3 ened baey oti (aren Reng ade 582-28 232 
582-91 222 581-76 DUST te Seo. tec eaee ne 582-23 231 
582-84 223 581-69 PANS oll cea ae & 2 SU Ras Beene? a 582-17 228 
582-73 224 581-58 DNS) is 2 ata) URE en 582-05 229 
582-34 217 581-19 DOOOIN: Be AR eh. stee saree 581-80 224 
582-20 214 581-05 PADRE (Nee bretewrem ieee ea MIE Wa gr 581-52 219 
582-13 210 580-98 DO DE oes eas elias stents om 581-42 195 
582-18 209 581-03 ZOOM ee coe. clleeislo gens 581-38 194 
582-17 201 581-02 LOSSES chs cates lnc kere 581-39 187 
582:17 207 581-02 OS AM AN nee OOS. ab. eae 581-35 193 
582-38 211 581-23 DOSE IG te. Maas lc chae eens 581-41 195 
582-47 215 581-32 206M Ey aes ioc. aoe 581-51 196 
582-42 212 581-27 PAA ies Re eo ME I 581-50 196 
582-29 210 581-14 DOU. dacceeet: Clin eats a nae 581-37 195 
582-11 208 580-96 DOO OR ds Hered |(vicvchon are 581-25 194 
582-02 212 580-87 PAD RS (VC Bane SSN I a SL 581-15 193 
581-58 203 580-43 TOS BMG Ao | oc Als Sete 580-95 193 
581-92 211 580-77 PAUP AR AW Me SES Ce Pee Behe! 580-94 193 
581-69 204 580-54 LOG TIT CRNAs ote cure 581-06 193 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 
Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 cfs assuming 8,500 cfs 
in past as Chicago diversion diversion at diversion at 
given in record assumed at 8,500 c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage /|Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1864— 
February +... 581-55 207 580-40 ROSMAN to ac .. oe 580-84 190 
March3.5, Shee 581-80 209 580-65 QOL AE eee | a eee 580-87 189 
April 581-51 195 580-36 US G-SA REY. ee PRE |S. See eee 580-85 185 
Miyaeern | irc 582-02 203 580-87 LOS WANS, 5 RR ol se Rete 580-91 186 
JUNELR cee 582-01 200 580-86 LOMAS tS BE: ek See 581-15 188 
SUVA acto 581-91 201 580-76 193: Se. SARS sls, ee ee 581-03 188 
AUSUSE cba 581-73 199 580-58 TOO AS LotR lo Ae BE 580-91 185 
September...... 581-46 194 580-31 TSC aie bs eee See 580-70 183 
October... 581-07 191 579-92 TOO Ay. LR ee ee 580-41 178 
November...... 580-90 187 579-75 VOR ee Oe | 5 ee ee 580-19 176 
December...... 580-77 181 579-62 TOGA Gey. £5 AR i AR Bera 580-11 173 
1865— 
January.........| 580-56 165 579-41 RE Se SAS Peat icra cee 579-94 152 
Bebruary®..40-c: 580-65 155 579-50 TAGs. ¢ 2208...) 1. eee 579-87 137 
Maneh. <4. tierce 580-82 191 579-67 183 Was Late sl aos 6 ee 579-98 179 
Aprile so. fide 581-31 198 580-16 TSO. £2 BUS... ee eee 580-30 180 
BW aig oe ae ats, a8 es 581-47 195 580-32 AS TRUSS), ks PUSS ol... ee ee 580-60 182 
JUNC. ceshuereeee 581-51 196 580-36 TSGBS. £ URS: coe Ses 580-79 185 
TULVAG ask ee 581-94 206 580-79 LOS Pee). Ae | Cea ae 581-09 194 
August..........| 581-96 207 580-81 198 Gil cs OR S|). Se ee 581-38 197 
September......} 581-84 205 580-69 LOTR 28 BAR|, eee, ae 581-38 197 
October.........| 581-60 202 580-45 10S Ti... | ee ee 581-21 192 
November......| 581-04 193 579-89 185 Pelee) bese: | eee 580-84 186 
December...... 580-73 186 579-58 DEGAS. 3 BOR | once tee 580-43 179 
1866— 
January res sa 580-47 179 579-32 TE ZB | AS 3x, aol | pe 580-19 176 
Hebruary?.n.-: 580-23 180 579-08 Tilt PARR. |. Se Paee. | 2 ee Se 579-89 170 
March... Rae D 580-28 181 579-13 WS Tl ae Bese ee oie ee See, ee 579-76 171 
April 580-73 183 579-58 LAPUA SE) & S80.) See ae 579-98 171 
Miaiy ots sted 580-91 185 579-76 TR Re, RES Oe a 580-26 175 
JUNE shee 581-20 189 580-05 TSO Wile. 6 HOS: 6] eee 580-50 178 
JE en cse ee OL 46 193 580-31 185 Pile... ake | Ae ee 580-75 184 
Ausust:. 1, ek: 581-52 196 580-37 LSPS cbt ES |. Re Se 580-89 185 
September......| 581-37 193 580-22 TSS GS et eae tc tes eee 580-90 187 
October. s.. sca) 581-26 190 580-11 AS Eg: ar al Se ee 580-81 185 
November...... 581-17 190 580-02 TS2 Boe tS ce Re 580-73 185 
December...... 580-91 180 579-76 DGS S45 RUSS cl oe. Se 580-58 181 
1867— 
January 580-89 192 579-74 TSA ie | Re fee ars.) ae, cnet 580-45 181 
Hebruary. @eci 580-94 193 579-79 TSAR e 3.) HR 580-48 180 
Mianch 1.6. seas 581-12 176 579-97 TGS PR. tel 2. ae 580-57 164 
April 581-41 196 580-26 TST GE est SER Ae 580-82 186 
May San Ae eta 581-63 197 580-48 189 Chie) As SA ee. See 581-08 190 
June.. 581-94 199 580-79 190 ZayeS.).:b48 | oe es 581-28 192 > 
July.. 582-09 207 580-94 199 THA Are: S| ce eee 581-49 197 
August.........:) 582-02 204 580-87 195 THM. Lt SIR) eee 581-58 198 
September...... 581-75 203 580-60 LOS TER. 2. ORES ee ae 581-45 198 
October.........| 581-42 198 580-27 TS ORES. 5 SO ere eee 581-16 192 
November...... 580-96 192 579-81 TSA Mii: SA Se ee ee 580-78 186 
Pr sh ea ‘Ne 580-61 183 579-46 PAIS 4... SOBs tee es 580-39 179 
1868— . 
January.........] 580-45 182 579-30 17495 (Abd eel ee ness 580-17 178 
February........ 580-41 173 579-26 LOS EUS).. : SOR ae Ae Se 580-01 164 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HU RON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord assumed at 8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge} Stage |Discharge} Stage |Discharge}| Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1868— 
Marchi.4: 84.03 581-09 196 579-94 ISS Tel: ct ce aya: «ied. ja Sete 580-29 184 
DPI. cae 580-99 189 579-84 SOV) «de eet ..« (eek. Sane 580-55 183 
Mayes. 84. 581-27 190 580-12 SOF PEs hbo teen [eres Spee 580-63 183 
JUNEHIN ah. ott see 581-48 192 580-33 DOS. closets as Nareks a eats 580-87 184 
JULY os ee 581-51 194 580-36 SGT pi he a eestemetrens. «sfoate-< ceamestee 580-97 185 
ANIC UIST e sree 581-17 189 580-02 USO HE Ac Naets. [kde sean eee 580-79 182 
September...... 580-93 186 579-78 Zest Raat i) A MO ae, A ak 580-47 180 
Octoberie4e: 580-70 185 579-55 (Oey RS RASS Rea | Me Ra Se 580-27 177 
November...... 580-63 187 579-48 TZOVRRIE Ses Seats [hoe reas 580-14 176 
Be sas ay Cees: 580-35 180 579-20 AAI ER | AR cn dees, SOR LS ee 579-99 tie 
January :..49. 0% 580-25 183 579-10 175 580-75 163 579-84 172 
February........ 580-32 171 579-17 162 580-74 198 579-83 158 
March... a5 9%: 580-06 167 578-91 159 580-60 150 579-74 159 
Aiprill..ce-sen eee 580-43 179 579-28 170 580-63 108 579-77 167 
IMIS 3/2 there eas 580-76 184 579-61 176 581-17 203 580-08 172 
dines... Ase 581-29 193 580-14 184 581-59 172 580-50 179 
Sly A 581-67 196 580-52 188 582-00 227 580-95 187 
AMICUS. A oe 581-93 204 580-78 195 582-12 225 581-25 192 
September......| 581-82 204 580-67 196 582-18 238 581-11 190 
October} .7as.18: 581-46 198 580-31 189 581-88 198 580-90 188 
November...... 581-34 197 580-19 189 581-68 214 580-71 186 
December...... 581-06 189 579-91 180 581-47 165 580-53 181 
1870— 
January |. Pade 581-12 178 579-97 170 E81-3 150 580-45 178 
February........ 581-21 180 580-06 171 581-34 150 580-50 166 
March. d..itaae 581-51 186 580-36 178 581-54 203 580-69 169 
Aprils. ia. oat 581-93 203 580-78 194 581-88 231 581-07 192 
May... 2)... 8A® 582-27 207 581-12 199 582-21 175 581-35 199 
Sune We): ase 582-41 211 581-26 202 582-45 192 581-75 200 
TUL Pe Aa: 582-52 211 581-37 203 582-52 244 581-85 203 
AMeustee can 582-43 209 581-28 200 582-37 191 581-79 203 
September...... 582-57 216 581-42 208 582-31 241 581-84 205 
October,........ 582-17 212 581-02 203 582-05 237 581-73 201 
November...... 581-77 203 580-62 195 581-64 230 581-37 196 
. December...... 581-42 192 580-27 183 581-27 219 581-03 191 
1871— is 
JanUary:s. ees 581-57 206 580-42 198 581-08 203 580-88 191 
Hebruary.aersew, 581-49 174 580-34 165 581-03 187 580-88 188 
March:..J...8.o8: 582-09 210 580-94 202 581-23 221 581-09 197 
ADT Alc eases 582-29 213 581-14 204 581-56 226 581-48 200 
Maye. 4. a 582-64 219 581-49 211 581-86 232 581-72 204 
TUNE woh dA 582-68 219 581-53 210 582-12 237 581-88 206 
July 582-71 220 581-56 212 582-29 240 582-00 208 
PAU CAUSH dos). ate 582-48 217 581-33 208 581-88 233 581-90 204 
September...... 581-81 201 580-66 193 581-45 150 581-48 194 
October. +52: 581-12 190 579-97 181 580-94 15 580-83 185 
November...... 581-07 191 579-92 183 580-75 154 580-50 182 
December...... 580-48 175 579-33 166 580-55 180 580-22 175 
1872— 
January 580-36 182 579-20 174 580-15 151 579-87 172 
Bebruary.dec ties 580-35 183 579-20 174 580-10 204 579-77 171 
Marchiat.nmasage 580-13 182 578-98 174 579-96 183 579-62 171 


45827—10 


146 St. Lawrence Waterway Project 


TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HU RON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation| Partial regulation 


Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord  |assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of { Monthly | First of | Monthly 


mean mean month mean month mean 


(a) (f) (i) 
1872— 
U.0)9) 3 ee Gein Gains 580-38 182 579-23 173 580-00 169 579-62 171 
AY sob cee kee 580-63 187 579-48 179 580-21 174 579-84 175 
JUNE sedan teens 581-00 191 579-85 182 580-52 150 580-12 176 
DULY ce eudes eee 581-03 194 579-88 186 580-71 168 580-26 178 
AUGUST) lee eee he SEO 192 579-86 183 580-80 176 580-26 176 
September......| 580-94 192 579-79 184 580-85 195 580-26 178 
October.........| 580-82 188 579-67 179 580-77 186 580-19 176 
November...... 580-52 187 579-38 179 580-60 169 580-02 172 
Saas hh Bas 579-87 172 578-72 163 580-21 150 579-59 166 
1873— 
JANUATY fons eles 579-87 178 578-72 170 579-98 174 579-30 166 
February........ 579-91 176 578-76 167 580-08 192 579-34 166 
March, .p 2 Sen 580-22 179 579-07 171 580-11 185 579-51 173 
April 580-79 183 579-64 174 580-56 156 579-96 175 
May .:.).iceacterente 581-35 197 580-20 189 581-14 150 580-53 189 
JURE... dec teen 581-98 211 580-83 202 581-70 229 581-12 198 
Suly.s. chases see OOL OA 208 580-79 200 581-95 233 581-50 199 
Augtist: .cvcee ae 582-04 211 580-89 202 581-90 231 581-59 200 
September......| 581-85 208 580-70 200 581-81 231 581-59 203 
October?!) Aye 581-79 210 580-64 201 581-65 230 581-48 200 
November...... 581-56 206 580-41 198 581-43 227 581-36 199 
gerrernbepr Bah Ye! 581-52 202 580-37 193 581-21 183 581-24 194 
1 
January...... 581-48 164 580-33 156 581-12 182 581-23 160 
February...2.1). 581-77 136 580-62 127 581-15 144 581-34 128 
Marchi. < en 581-92 197 580-77 189 581-27 150 581-55 188 
April 581-82 204 580-67 195 581-49 210 581-59 196 
IMS ss 3 ts 581-80 200 580-65 192 581-50 150 581-54 199 
PUNE she cae 582-17 215 581-02 206 581-77 168 581-64 200 
PANY 252. eek aelO 211 580-95 203 581-90 231 581-73 202 
ANUS 4. ele OSes bl 212 580-96 203 581-85 227 581-66 201 
September...... 581-86 215 580-71 207 581-75 230 581-61 202 
October.........} 581-51 211 580-36 202 581-57 229 581-49 200 
November...... 581-31 200 580-16 192 581-21 212 581-18 195 
December....... 580-97 203 579-82 194 581-00 212 580-96 192 
1875— 
January 580-77 201 579-62 193 580-75 213 580-82 191 
February........ 580-70 201 579-55 192 580-56 210 580-66 189 
Marche, ’4.. ave. ae! 580-76 200 579-61 192 580-60 212 580-64 191 
Aprils. boateme aes 581-12 198 579-97 189 580-60 210 580-86 196 
BV cou ia 581-68 207 580-53 199 581-19 184 581-27 201 
UAE <3! 4s, Werte 581-92 214 580-77 205 581-50 167 581-62 203 
Jtiliy 6 time ee 581-89 216 580-74 208 581-71 153 581-77 205 
INTIS USti.4. ee 582-06 216 580-91 207 581-81 208 581-82 206 
September...... 581-99 219 580-84 211 581-75 230 581-87 228 
October!........ 581-84 216 580-69 207 581-62 229 581-74 224 
November...... 581-63 215 580-48 207 581-43 228 581-57 223 
amber SHS 581-44 201 580-29 192 581-14 213 581-35 192 
1876— 
Januaryi.......+ 581-39 208 580-24 200 581-06 208 581-29 198 
February........ 581-59 = 204 580-44 195 581-22 174 581-37 196 


St. Lawrence Waterway Project 


147 


TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Year—Month 


A oust 4.,..dubr bee 


Octoberse H. Lee 
November...... 
December....... 
1877— 
January... £2: 2vai: 


VATIONS |... debs feee 
October): Hk: (2s 


QOctober.........:. 


September...... 
October......... 
November...... 
December....... 


Computed conditions 
for present regimen 
without regulation | Complete regulation 


Actual conditions 
occurring 
in past as 
given in record 


New Welland Canal 
assumed complete 
Chicago diversion 

assumed at 8,500 c.f.s 


system, 
assuming 8,500 c.f.s 
diversion at 
Chicago and 


Other lowerings from| New Welland Canal 


Partial regulation 
system, 
assuming 8,500 c.f.s 
diversion at 
Chicago and 
New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage |Discharge| Stage |Discharge} Stage |Discharge}| Stage |Discharge 
( (c) (d) (e) (f) (g) (i) (h) 

582-74 199 581-59 191 582-04 214 582-14 192 
583-15 226 582-00 217 582-54 244 582-65 219 
583-49 237 582-34 229 582-94 252 583-10 251 
583-42 238 582-27 229 583-07 259 583-25 253 
583-37 241 582-22 233 582-98 255 583-17 252 
582-79 234 581-64 225 582-57 249 582-86 245 
582-89 231 581-74 223 582-21 243 582-58 242 
582-42 241 581-27 205 581-96 238 582-36 236 
582-28 213 581-13 205 581669: § 1b. bas. 1ere 582-06 212 
582-29 197 581-14 ASS ERE Cele scatter 581-93 186 
582-29 148 581-14 AO Ts es SIC. eRe 581-87 139 
582-67 177 581-52 GS tee fick: SM ao | bus, Semesters 581-96 165 
582-56 182 581-41 TAGE | oF 2 DAME so Vale, 5 th A 582-02 170 
582-63 226 581-48 IRAN EMRE 2d. SA 581-99 207 
582-60 227 581-45 DEOMI Ss TEER. = Gk; Rh Sele 581-98 207 
582-48 226 581-33 O28 val ane, Reed Ot RAVER A 581-96 207 
582-27 222 581-12 71: 5 VE C8 CR Hee Rap are 581-83 227 
582-28 218 581-13 DO | ot). SR CE a ee 581-67 224 
582-16 216 581-01 QO SIE ck sAISS S.2 ede Robes 581-60 223 
582-10 215 580-95 DOGTBEE peter ck Gerais ionetes 581-52 219 
581-98 209 580-83 PAU)IUS, MMU Meme 27% emetic  ( 581-45 194 
581-91 164 580-76 Oa Tc SM oh ny SNe 581-35 152 
582-07 195 580-92 Sake | 6k. AMS he eee 581-37 180 
582-09 205 580-94 iNSNelP ge ieee Semen les Mee 581-47 197 
582-39 214 581-24 DOG | ok. BRR a2 | tater 581-65 201 
482-53 220 581-38 GATE CES Gage a + corer fee A a es 581-86 203 
582-54 219 581-39 ee 5 eae. SCs. Ee ae 581-96 206 
582-22 218 581-07 OME | ks, SEAR act lites Sah eee 581-87 204 
582-02 214 580-87 20 Gre |b. SED cock lob Me 581-70 204 
581-91 217 580-76 DOS | Lee oo llohes Bebe 581-61 222 
581-78 216 580-63 DALLES Ae EN, cc Caeed al SPE RT 581-52 220 
581-46 192 580-31 (Re ioe Oe See Teed Eh Smet rnen ee 581-33 199 
581-15 185 580-00 ATA | 8 tc Se 2 Laks ao 581-00 172 
581-16 159 580-01 TTI ie Chee” Siew 4 Me es 8 580-78 168 
581-20 188 580-05 SOT | 8. PA 5 ce Vk: eee he 580-70 177 
581-19 197 580-04 Tsoi GA ikea 5 Reape ie BAe Ce ed 580-78 185 
581-32 194 580-17 PSGiA [ie SAR cc We ae 580-84 186 
581-39 200 580-24 LATS ae Bae |S ORR ec en 580-94 187 
581-48 200 580-33 ODE 1 PMB... sib os See ROE 580-99 189 
581-29 199 580-14 ADO. ASR 5% ok « AL RE 580-91 188 
581-17 200 580-02 NOAM | 5 BER os hotest eee: 580-80 187 
580-95 197 579-80 AS See | 2 Oe ons dee Reps 580-66 185 
580-73 197 579-58 SOME Tb 5 PN eo: (los Se 580-49 184 
580-76 194 579-61 TSI Ally CAPO reall) Sree aan ate | 580-43 181 
580-80 192 579-65 DSA es ECR coc bade seek SES 580-45 186 
580-71 185 579-56 TAGS SW SS Saray a eae Se 580-43 173 
580-75 191 579-60 IS Tee ee ee oa 6 580-39 177 
580-92 189 579-77 USO ob: ARS ek Vb. See 580-45 179 
581-26 196 580-11 A SSEB | Ie. BOD «ch Ite, « AMOR, 580-68 186 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation| Partial regulation 


Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord  |assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean mont mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1880— 
DUNG. s,.. 5. Rete ee 581-77 205 580-62 19618 | FAVOR... |. 2: See 581-09 192 
PUL: 3c cte oS 581-99 211 580-84 203i). Aetee;..- |: ko ae 581-47 200 
August 4... eee 582-02 210 580-87 QOS | Ace: 7. |. 1, See 581-67 201 
September...... 581-72 210 580-57 202%: | SEG bak |. 2. eee 581-62 201 
October........: 581-38 205 580-23 LOGINS |. Reventiiies ae | een. eae eee 581-38 198 
November...... 581-06 204 579-91 OGM | DSCREN oh || be: See 581-14 194 
een ge 4 580-89 192 579-74 SHOR | | hoedtiee «|. | cee 580-98 192 
1881— 
January 580-90 186 579-75 NSS) Cae 2) eee 580-89 179 
February........ 581-11 "02 579-96 LOB |, Bei chetePens,s.6| 3s pc cee tne 580-96 188 
Mareh:. |, 20h. 581-4 196 580-25 HSM |, hee 61, ee 581-18 186 
April 581-31 205 580-16 OG | ROR. . =|. 0c Ree 581-21 193 
DY isos boven 581-82 208 580-67 DOO |. Se kevc.s ci to eee 581-36 197 
DUNE, ...40.. 70 eee 582-05 209 580-90 DOO |. Aer. » || ie See 581-62 199 
Duly... 4). ete 582-02 214 580-87 2069 | Oh deers bt a eee 581-75 202 
ARISUS.A... sees 582-02 210 580-87 FAN IRE SES 5 RE AR an ca 581-79 204 
September......| 581-79 209 580-64 DOI |. LSet lt epee 581-69 206 
October.........} 582-12 219 580-97 DON | Mel sates» 4 |e. ree 581-76 228 
November...... 581-95 225 580-80 DA aS ot As... |, 2). See 581-89 230 
December....... 581-85 210 580-70 DOI | . £5. See. |. 5 ee 581-80 220 
1882— 
January.........] 581-63 208 580-48 DUR WBS eet carta Bren 5 wee 581-65 201 
February........ 581-62 195 580-47 SOM? | 5.0 ees oc |. Buc eee eee 581-50 188 
March. t, Shri 581-99 203 580-84 105% |. eae eee 581-55 199 
April |, hosasibe 207 580-97 VOSS | SEER. els bs eee 581-77 201 
Mla: . ob. ee ee 582-22 206 581-07 OSS |. Se WAM: al: boo See 581-93 205 
UNG .05.1.4 ae ee 582-49 214 581-34 D058 | Be tet «bic bce 582-05 205 
July 582-62 211 581-47 DOS |. Beaters. oc! \:.4 ae 582-17 210 
ANGUS... de. 582-81 213 581-66 DOES | Sete oc 8 |b eee 582-28 233 
September......| 582-69 219 581-54 DUS |. Le SER. C1. e., See 582-26 233 
October...4.19" 582-28 217 581-13 DOS |. ba ees... 5 |. 4. eee 582-03 227 
November...... 582-07 213 580-92 QOBT |. Baas ietre:s 0 | ps ceeeeeene 581-76 224 
PP allan a unt AS. 581-74 203 580-59 LOA |. eee ||: bo eee 581-51 219 
83— 
JANUAT Yee one 581-48 204 580-33 OG: 3. BRS oe ots ates 581-28 197 
February........ 581-52 208 580-37 NOS |; bo See. ceil sca ee 581-18 195 
Narch:... See 581-61 187 581-46 1 ee Il eso signet IPR SAS o.0 err 581-21 177 
April 581-82 206 580-67 Ver ||. Scene... bi.) 6 cee eee 581-26 196 
Miaiy..... b.. aele ee 582-30 217 581-15 D00"4 |: eee. ..2 |. See 581-59 204 
JUNC, 6:5 ee eee 582-66 219 581-51 D1) ||. BORE. 0). cee 582-03 209 
July 583-26 223 582-11 7 dl WAR iE cy uk PRP EI cere 582-43 238 
August....... 583 - 23 230 582-08 + 7d, Nea I, ct APN Reh eosin 582-69 239 
September...... 583-04 227 581-89 ANOS |. HS Sees 3.4 |. tee 582-61 238 
October...:.....| 682-82 223 581-67 Ali Sed MS Bo, eRe Reacts 582-33 233 
November...... 582-37 232 581-22 D2 ayee |; RRM. 2’. See 582-12 233 
December....... 582-29 221 581-14 STO || etree. 2) | a ae 582-01 225 
1884— 
January...... 582-07 166 580-92 15S. FU TORY yg 3: | ie eee 581-79 152 
February........ 582-19 179 581-04 AVE i WR), hv ee 581-66 165 
March, :2 sn Yee 582-44 215 581-29 DOW |, BAN SeReeers 3 2). boa crept 581-74 205 
April 582-62 221 581-47 rile AR TA i a We A ag 581-92 206 
MO Vis...) ee eee 582-83 225 581-68 DG | ee 2 21,5, See 582-13 209 
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ee bd Sachggpaindeationne OF REGULATION—LAKE a eee nee Chee 


"Senge in Feet above Mean Sea Level 


Year—Month 


(a) 


1884— 


FS) Nga ene a a Ko 
AUGUST. A... deh hee 
September...... 
@ctober®,. Pe7..e 
November...... 
December...... 
1885 
JANUATY: fe. hee see 
February. 25:02: 
March I Pe st 


INNIS USG. hohe tae 
September...... 
@ctober! .. 49-4 
November...... 
December...... 
1886 


October......... 
November...... 
December...... 


1887— 


January......... 


October:..920 
November...... 
December...... 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 


without regulation 
New Welland Canal 

assumed complete 

Chicago diversion 
assumed at 8,500 c.f.s. 


Complete regulation 
system, 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


Other lowerings from| New Welland Canal 


Partial regulation 


system, 


assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 


daca compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage /|Discharge 
(b) (c) (d) (e (f) (g) (i) (h), 

582-83 226 581-68 PANS eee M9 ee 582-28 232 
582-69 226 581-54 PAUL ae Oe ee a hat 2 582-11 227 
582-44 222 581-29 RE ae Mt 2 ae) Mie 581-88 227 
582-44 229 581-29 25 D0 a a ch Se Ie BIS ef 581-79 226 
582-08 224 580-93 DA GINA Phd Ne | es RO ne 581-71 225 
582-05 214 580-90 QOD RA RAR aus 37 || eam oetaea ae 581-49 201 
582-06 215 580-91 ORIN eh EEA 5s| Neth  SRe ee 581-56 206 
582-29 223 581-14 DUAR EL AER, 15 ok. Nek 581-67 208 
582-25 212 581-10 DOI bis SHAN ova. Sch cdot 581-69 207 
582-44 215 581-29 DO GIN Ecotec’ «|| Seafe s aehst awe 581-72 205 
582-80 228 581-65 SOAS oe Me 3) Man ae Rae ie 581-96 209 
583-01 232 581-86 OSM Sk 5 eee oui [lalla ae telah 582-24 212 
583-10 235 581-95 Papago) AO By PS 582-41 238 
583-31 Dail 582-16 F012) | HO Re 3 a AS 582-60 241 
583-17 236 582-02 ate) See Soe) ema oe aaa a 582-64 242 
583-03 234 581-88 PPS | in A a [e 582-49 237 
582-73 229 581-58 ZOTGNN| So Re eS... Ae 582-30 233 
582-44 222 581-29 PANG, MUIR soto Ri sil Lae eta ote 582-07 231 
582-67 182 581-52 LRT AeA REM: [8 ade SITY 582-01 171 
582-69 162 581-54 Sra Eid, Bae, Sie | kids, «: aaa ne 582-07 151 
582-97 202 581-82 Oar. ck CAME ack 5 Rn 582-16 190 
583-24 209 582-09 2OOMH| 2 1 Gaveiby®.\||toe . Rake ee 582-40 196 
583-50 233 582-35 QOS MIN Sk ate vou |a hs Can 582-67 218 
583-57 245 582-42 DOGHG A 1 haparaied: (geod. Seana 582-82 222 
583-38 241 582-23 DOORN | A Le eee: k ke: ee 582-74 248 
583-15 238 582-00 DOOTY OL epi WUk. Riera 582-48 237 
582-91 235 581-76 DO TEL) Ae Rae 21 Ste: brant ae 582-26 235 
582-81 233 581-66 DOA WS hoc. Sethe ce. Laake ae ae 582-11 231 
582-47 230 581-32 DOO sh eaiande th || 4 a Se 581-93 228 
582-14 218 580-99 209M || sob etree cles. <8 ee 581-64 222 
582-06 217 580-92 DOSIA 3 LSS es | ects: ae Aa 581-45 202 
582-43 221 581-29 SSDI LA: AR es 3. oA eae 581-52 201 
582-59 201 581-45 TOSSA uk Raters «| Sah, eee 581-71 185 
582-54 210 581-40 UU od aOR. VA Rare 581-82 193 
582-74 216 581-60 QOS eats.) |) 0, cosenee 582-02 204 
582-87 226 581-73 SA) Be ae Vo eel Re Se rss 582-15 208 
582-81 229 581-67 OL ee erm BL 582-17 210 
582-67 225 581-53 DTG = st, LPIA S| hole < Beets 582-05 228 
582-33 219 581-19 PALA RR Actes eee eee es 581-81 224 
581-88 217 580-74 DO SVAAT Ste Reba eis: hades ee etd 581-49 198 
581-55 211 580-41 DOSES Sh ba foe «|b, aaa 581-19 194 
581-43 204 580-29 105 ie eae. aM crn 580-94 189 
581-25 200 580-11 LUPO ae Mn 580-75 187 
581-20 200 580-06 EO Maps Soh Gabe dy: [aes , Sete eens 580-62 185 
581-38 193 580-24 SS Svat db et aate [vets «x koe ee 580-65 176 
581-59 204 580-45 LOGEC L & Rupees. ||.t he | See 580-83 188 
581-97 201 580-83 TOSI. Es «Shs Sees 581-11 185 
582-24 221 581-10 UDR ht Maa se | teg Ree 581-43 198 
582-25 218 581-11 DQNOWNS, so Msiecte ako Ate 581-67 203 
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TABLE}10.—EFFECT OF REGULATION—LAKE)|MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 
Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 c.f.s | assuming 8,500 c.f.s 
in past as Chicago diversion diversion at diversion at 
1 given in record assumed at 8,500 c.f.s Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by | complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean mont mean 
Stage |Discharge} Stage |Discharge} Stage j|Discharge}| Stage /|Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) h) 
1888— 
August. cnn 082°13 220 580-99 2710, aes soy Ae PR SP 581-75 203 
September......} 581-98 216 580-84 DOS Gal. sed Beate lhe ok ae 581-71 204 
October). . 28.12 581-73 211 580-59 21 De AR A 6 REG] MR ABE 581-53 220 
November...... 581-68 208 580-54 QOORA 0c. BRE. =| obs eee 581-34 216 
aa Bates 581-10 201 579-96 WO 2M 2b), AR. : ll. 3 kee 581-08 189 
89— 
JAUNUALTY eet ee 581-08 197 579-94 ASQ, £8 acenoadal: “pew 580-91 191 
February........ 581-05 176 579-91 G70) 11; ee Sen Pie Oe ee 580-87 166 
Mareh s+): inks 581-03 176 579-89 OSG seo See oii eee 580-78 163 
April 581-04 180 579-90 7G). cts Sc) ee 580-74 169 
Nay oe bee 581-12 192 579-98 NS APA. baidete Si) 28 0 eee 580-76 180 
Sunes... AoE 581-58 203 580-44 VO Rs. «hic eet all «ok pawns 580-96 189 
SUEY: ccd. Pe 581-76 207 580-62 LOO OM oo bc ARM's ks eee 581-22 193 
August... 026) 581-52 208 580-38 HOO Ba. bia ate ei] oo Lloro 581-27 193 
September...... 581°35 206 580-21 MOST, 5 B.cncteke-s lls ade scale eee 581-17 193 
October.........} 581-10 201 579-96 HOD 4 RRS. | eee 580-98 189 
November......| 580-75 195 579-61 ST Ral. 5c dete sl «ob oes 580-71 186 
(aeons Soe 580-57 186 579-43 ETE BAL, «bcc: ARO cll se bree 580-5 177 
90— 
JANUAT YW) sc.54 580-65 188 579-51 SO: A tabicneakes'e1|| ak eee eee 580-43 179 
February ;.)4. 0% 580-61 185 579-47 GBs) ose RRR al Ree 580-40 174 
March’. < .ttbraee 580-59 180 579-45 1769-2 (0) Me Me 8 es i ieee ae 580-30 171 
April 580-91 185 579-77 eG Bil. 4: SOE 4| cde eee 580-40 174 
Mak She 581-14 187 580-00 A Oia). Bos SRE. ll < ok ee 580-64 177 
DUNO sete 581-55 196 580-41 ES AURA, «oh SR) 0 680-95 184 
GUY: $5dc ee) S81 G62 202 580-48 QAI hice Aas coll «ok Cee 581-18 190 
Atigust.t.. de: 581-54 205 580-40 RA? | RISE As © sae MRE Ss Or 581-23 192 
September...... 581-34 201 580-20 OSE ck. MAM.» all: ceo eee 581-16 193 
October };..46 Me 581-23 198 580-09 USO RM ce. Ss S| ce eee 581-02 190 
November...... 580-89 194 579-75 WSO ABW sche Meee all cus eos ee 580-87 186 
eee ke Ae 580-54 187 579-40 Sad). b A ll clk a ee 580-62 183 
9i— 
January.........| 580-52 181 579-38 IIS 3a" MS Setee eres | Bat ise oie ot: 580-45 177 
February........ 580-28 185 579-14 UG he RAO dl ok eee 580-30 175 
March.) 20-18 580-47 163 579-33 1208 | ee eb se PE Se 580-20 159 
April 580-78 184 579-64 SES) oh AOR... eee 580-38 175 
My 2. oe 580-88 186 579-74 SRA oh OR. 4)... toe 580-61 175 
JURE s..55 45 BR 581-03 198 579-89 SOIR ss bve Se +l cee 580-68 183 
SULY ss hd ee 580-86 198 579-72 OO Mal. /:'. SOR: 4) os bie 580-64 183 
ATIo USE .b.cheeaees 580-79 197 579-65 SS i hci MMs sath cect eee 580-55 181 
September......| 580-56 194 579-42 SGM shed en | sate eee 580-43 180 
October.........] 580-20 188 579-06 EF OVAR|, ck Soo | 3k ere 580-17 174 
November...... 579-80 182 578-66 ATOR os) GIR) . ee eee 579-84 172 
ee Baa Pa 579-74 181 578-60 YZ 3 e:3, HOES a. 8il cheno ey 579-66 169 
1892— 
JENUALY wescina.a| 100980 174 578-79 GG) til Sepeates beret scene ere 579-65 165 
February... 0... 580-05 150 578-98 LA TNR) acoA 2 5) |'s: = bee 579-70 142 
Marchi)... oa 579-95 156 578-88 PAS el os PRE | sk: (eh 579-70 148 
ENO) al eae ee ates 580-01 177 578-94 GS Haale MOR co ls shee 579-74 169 
Misi y ocho eet ien 580-438 180 579-36 DNR. lores dies, <:4))\. shoo See 579-91 171 
PUNE: os 2 as tate 580-88 ~ 186 579-81 TiCNGR| «clon SER sc]: choc pee 580-25 173 
DULY dc ded he “b80289 192 579-82 USA es ot. PSE... 580-54 178 
AUCUSE dao aehe tone 580-97 196 579-90 187 580-62 180 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation} Partial regulation 


Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 ¢c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given in record assumed at 8,500 c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of |Monthly 
mean mean month mean month mean 


Stag Discharge} Stage |Discharge| Stage |Discharge| Stage |Discharge 
(g) i (h) 


(a) (b). (c) (d) (e) (f) (i) 
1892— 
September......| 580-77 192 579-70 LS AGw oko APE oes aks nthe 580-60 182 
October......... 580-53 192 579-46 TSOP LC VDEE Uae) Ukr, AAP ene 580-41 178 
November...... 580-26 190 579-19 SOE OR Se ees ah. ae eT 580-16 176 
December...... 579-99 180 578-92 TSN | eres eee ce ook, eM 579-87 169 
1893— 
January.........| 579-98 155 578-97 VATE RSH: Se bok ei ee 579-65 139 
Hebruary; peste 580-12 157 579-11 1 oe A GOR Le Fe Se ho 579-63 142 
Merch ik. eibaee 580-23 180 579-22 LORE OR eee ee es a ER. 579-70 172 
Apnil ysis ceeee.| © OS0s69 184 579-68 ATO r ee | Bk: Se oe) |e cee 579-96 174 
Miaiya eke ce OR 580-99 184 579-98 AGO Wick co SRR ee eae ae 580-40 166 
TNE RA. PEN 581-32 199 580-31 LOOT UE. SAR SUID Re oe 580-79 183 
hilyaess aie | 20S o4 202 580-33 Gabe St, epee ee Tk eee othe 580-96 188 
Angee ati 581-17 201 580-16 ODE Bi Rete Rs eek oe 580-96 189 
September...... 580-85 196 579-84 LSS. Mee |e ae ee 580-81 188 
October.........| 580-71 195 579-70 TRS, RS Re vs Spell lee Ue 580-63 -189 
November...... 580-32 192 579-31 1BS22 9° Tie is ane a ae SN 580-47 183 
December...... 580-25 186 579 +24 UV ATEN Mie) IEE CR la, Seca ae tN 580-29 179 
1894— 
January.........| 580-26 189 579-31 181 580-73 153 580-30 179 
February........ 580-29 175 579-34 166 580-82 181 580-29 163 
Marchi). ef 580-55 188 579-60 180 580-90 210 580-37 175 
Aprile. te Awe 580-70 185 579-75 176 581-15 206 580-57 172 
IMA iid staat 581-24 195 580-29 187 581-52 215 580-89 184 
June wwe. ee 581-40 209 580-45 200 581-86 229 581-24 194 
Vulyensgee-aee | EOste4s 212 580-48 204 582-03 232 581-49 199 
IATIOUStNen bree: 581-35 208 280-40 199 581-90 232 581-54 199 
September...... 580-92 205 579-97 197 581-60 173 581-34 197 
OctobernWeGe 580-71 201 579-76 192 581-40 162 581-12 193 
November......| 580-44 200 579-49 192 581-23 222 580-93 190 
December...... 580-09 191 579-14 182 580-97 217 580-71 185 
1895— 
January. ation 579-91 178 578-99 170 580-72 213 580-47 182 
February........ 579-80 174 578-88 _ 165 580-47 169 580-28 179 
March... ohfanc 579-77 183 578-85 175 580-44 181 580-12 178 
Aprile tee nD cone e 172 579-05 163 580-48 150 580-15 162 
MAS CRs ci ceane 580-13 179 579-21 171 580-62 150 580-27 168 
UNC Meteor 580-18 193 579-26 184 580-73 180 580-35 179 
Dail yee te eee 580-07 191 579-15 183 580-82 192 580-29 178 
INUSUSt AEG het 579-95 189 579-03 180 580-77 177 580-20 176 
September......| 579-68 | _ 187 578-76 179 580-70 181 580-11 175 
October... 8. .002| (57931 185 578-39 176 580-49 183 579-89 171 
November,.....| 579-09 178 578-17 170 580-35 204 579-62 168 
December...... 578-98 170 578-06 161 579-98 150 579-43 166 
1896— 
January. cee 579-06 171 578-18 163 579-95 150 579-42 166 
February........ 579-10 147 578 -22 138 580-02 170 579-46 137 
March... (8 579-11 158 578-23 150 579-90 150 579-42 151 
iAprileidandeniee | sDdgees 168 578-41 159 579-90 150 579-42 163 
IN Bon A ee 2 cia tae 579-57 170 578-69 162 580-10 150 579-60 162 
TUNE. eee 579-89 184 579-01 175 580-52 150 579-90 172 
Diuily eee 579-83 184 578-95 176 580-82 183 580-15 176 
August...¢.).0..| 579°76 182 578-88 173 580-81 150 580-21 175 


September......' 579-66 182 578-78 174 580-75 150 580-18 176 
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TABLE 10.—EFFECT OF REGULATION—LAKE, MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation} Partial regulation 


Actual conditions | New Welland Canal system, system, 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given in record assumed at 8,500 c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean mont mean month mean 
Stage |(Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) (ec) (a) (e) (f) (g) Gi) (h) 
1896— 
OGtobex: . a. ee 579-61 179 578-73 170 580-60 170 580-08 174 
November...... 579-39 181 578-51 173 580-37 171 579-97 174 
December...... 579-34 173 578-46 164 580-19 169. | 579-87 168 
1897— 
January.........| )019-39 176 578-48 168 580-20 160 579-85 172 
February........ 579-41 169 578-56 160 580-21 187 579-80 169 
March. .\...60 aed 579-72 173 578-87 165 580-25 150 579-83 170 
April. [ek eeta| EDAOzog 175 579-04 166 580-47 150 580-03 166 
Maye sh. eee 580-38 183 579-53 se) 580-87 153 580-38 173 
DUNE. ...4:.) see eee 580-65 196 579-80 187 581-24 183 580-73 184 
SULY c.f ee 580-84 199 579-99 191 581-48 194 580-95 189 
rFAUSUSE Jo. ee eee 580-78 200 579-93 191 581-62 173 581-02 190 
September...... 580-53 196 579-68 188 581-49 163 580-93 189 
October.........} 580-24 192 579-39 183 581-20 178 580-68 185 
November...... 579-98 190 579-13 182 580-94 174 580-47 182 
December....... 579-76 183 578-91 174 580-65 150 580-27 178 
1898— 
January.........| 5(9-72 180 578-90 Me. 580-49 150 580-11 176 
February........ 579-86 156 579-04 147 580-51 150 580-08 151 
March.) Ss. Geo 580-18 177 579-36 169 580-68 150 580-22 172 
April {1 cease bos0300 181 579-68 172 581-04 210 580-54 172 
May.) «2. ce eee 580-78 182 579-96 174 581-25 152 580-82 175 
UBC. 5.6 de ose ee 580-91 195 580-09 186 581-42 150 580-95 186 
JUly ccd. eee | BOSE SO 197 580-07 189 581-54 185 581-00 189 
August..........] 580-69 196 579-87 187 581-57 169 580-89 188 
September......| 580-34 195 579-52 187 581-44 163 580-72 186 
October.........| 580-33 190 579-51 181 581-30 182 560-56 183 
November...... 579-92 189 579-10 181 581-07 150 580-41 180 
December....... 579-58 183 578-76 174 580-82 150 580-20 175 
1899— 
January.........| 579-53 177 578-73 169 580-65 162 579-99 168 
February........ 579-61 iif 578-81 168 580-57 166 579-87 166 
Marchi. t). 2 ane 579-81 113 579-01 105 580-62 134 579-89 90 
April. .b Stee S02 08 164 579-28 155 580-81 150 580-09 157 
1.4 Ey a Sn Pan 580-52 192 579-72 184 581-24 204 580-42 181 
JUNE...... eee) pOsOEsS 199 580-03 190 581-70 227 580-79 188 
JULY... soe ee Toolsod 205 580-24 197 582-00 233 581-17 195 
PAU SUSU 4 fee eee 580-96 203 580-16 194 582-07 236 581-33 198 
September......| 580-82 201 580-02 193 581-82 232 581-26 196 
October......... 580-49 195 579-69 186 581-53 225 581-01 191 
November...... 580-31 193 579-51 185 581-28 220 580-78 188 
December....... 579-81 184 579-01 175 580-92 210 580-55 186 
1900— 
JANUATY, 4. sca} PoGes00 137 578-88 132 580-67 155 580-33 132 
Pebruary..2::... 579-77 125 578-99 119 580-54 150 580-27 118 
March. . abe (a be 579-94 130 579-16 125 580-59 146 580-35 135 
ADIL... een | [OOOsOr 176 579-29 170 580-62 150 580-41 171 
Mia... bs eee 580-31 180. | 579-53 175 580-78 150 580-53 175 
DUNG, ....40. Soe ee 580-42 189 579-64 183 580-95 150 580-65 182 
OULY..... see eal. LOGO bo 194 579-75 189 581-12 151 580-76 187 
August). .2. 4 ..| » 580-70 _ 193 579-92 187 581-27 208 580-86 190 
September...... 580-65 196 579-87 191 581-37 201 580-99 193 


October.........! 580-66 197 579-88 191 581-42 224 581-01 193 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Year—Month 


(a) 


1900— 
November...... 


December....... 


901— 


October......... 


1902— 


September...... 

October......... 

November...... 

December....... 
1903— 


September...... 

Metobers.......% 

November...... 

December....... 
1904— 


PRU ZUSE baysceete, .teiees 
September...... 
October... 
November...... 
December....... 


Actual conditions 
occurring, 
in past as 
given in record 


Computed conditions 
for present regimen 


without regulation |Complete regulation} Partial regulation 
system; 
assumed complete |assuming 8,500 c.f.s. 
diversion at 
Chicago and 
Other loweringsfrom|New Welland Canal] New Welland Canal 
complete 


New Welland Canal 


Chicago diversion 
assumed at 8,500c.f.s. 


data compiled by 


U.S. Lake Survey 


Monthly Monthly 
Mean mean 
Stage Discharg| Stage | Discharge 
(b) (c) (d) (e) 
580-52 198 579-74 193 
580-19 189 579-41 183 
579-95 160 579-24 156 
579-92 107 579-21 102 
580-34 130 579-63 126 
580-49 126 579-78 121 
580-92 174 580-21 170 
580-97 203 580-26 198 
581-06 204 580-35 200 
581-11 206 580-40 210 
580-92 200 580-21 196 
580-56 198 579-85 193 
580-23 196 579-52 192 
579-95 158 (579-24 153 
579-76 115 579-09 111 
579-61 122 578-94 117 
579-84 176 579-17 172 
579-91 178 579-24 173 
580-30 187 579-63 183 
580-50 191 579-83 186 
580-83 190 580-16 186 
580-85 194 580-18 189 
580-48 189 579-81 185 
580-33 184 579-66 179 
580-22 185 579-55 181 
579-93 176 579-26 171 
579-72 124 579-08 121 
579-90 119 579-26 115 
580-09 163 579-45 160 
580-36 180 579-72 176 
580-45 185 579-81 182 
580-63 188 579-99 184 
580-81 191 580-17 188 
580-71 | 192 580-07 188 
580-79 193 580-15 190 
580-62 196 579-98 192 
580-26 192 579-62 189 
579-94 159 679-30 155 
579-99 138 579-38 135 
579-98 131 579-37 127 
580-26 147 579-65 144 
580-72 181 580-11 177 
581-09 194 580-48 191 
581-47 202 580-86 198 
581-48 205 580-87 202 
581-38 206 580-77 202 
581-31 203 580-70 200 
581-18 204 580-57 200 
580-88 201 580-27 198 
580-54 187 579-93 183 


Stage 
(f) 


system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


complete 


First of | Monthly | First of | Monthly 
month 


mean month mean 
Discharge] Stage | Discharge 
(g) (h) (i) 

224 581-00 193 
217 580-88 182 
176 580-67 155 
120 580-52 102 
146 580-58 128 
150 580-81 120 
157 581-10 189 
177 581-27 198 
177 581-31 199 
215 581-39 198 
182 581-37 198 
156 581-17 193 
196 580-95 191 
155 580-71 154 
129 580-55 111 
134 580-36 116 
150 580: 29 174 
150 580-38 175 
150 580-57 185 
164 580-84 187 
150 581-08 191 
150 581-21 191 
150 581-13 191 
150 580-91 187 | 
171 580-80 187 
210 580-66 176 
146 580-44 123 
137 580-36 115 
150 580-47. 163 
150 580-69 178 
150 580-87 183 
171 580-97 184 
190 581-10 191 
198 581-17 192 
230 581-23 195 
Papal 581-28 196 
223 581-10 193 
185 580-79 158 
158 580-66. . 138 
149 580-57 127 
150 580-63 147 
150 580-96 185 
150 581-33 193 
233 581-67 198 
234 581-85 202 
233 581-79 203 
229 581-74 205 
150 581-67 223 
226 581-45 219 
214 581-10 184 
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TABLE 10.—EFFECT OF FREGULATION—LAKE MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation |Complete regulation| Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete jassuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given in record assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 
Stage Discharg| Stage |Discharge} Stage |Discharge| Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) h) (i) 
1905— 
DANUALY. |... ten 580-39 97 579-81 93 580-87 110 580-87 93 
February........ 580-31 103 579-73 98 580-67 114 580-71 96 
March Were 580-45 150 579-87 146 580-72 168 580-67 147 
April 580-83 196 580-25 191 580-90 217 580-87 191 
Mays. di cee ae 581-09 199 580-51 195 581-28 179 581-14 194 
June 581-48 206 580-90 201 581-58 THK} 581-44 196 
July 581-62 208 581-04 204 581-87 231 581-68 200 
AGUS. 4. ee Ato 581-59 208 581-01 203 581-79 230 581-74 202 
September...... 581-49 208 580-91 204 581-74 230 581-74 204 
October.........| 581-05 205 580-47 200 581-53 227 581-57 219 
November...... 580-78 201 580-20 197 581-26 222 581-27 195 
December....... 580-63 195 580-05 190 581-01 218 581-06 192 
1906— ; 
January....22.0% 580-61 184 580-03 180 580-83 163 580-97 181 
February 580-76 141 |. 580-18 136 580-89 156 581-01 136 
March tee can 580-91 164 580-33 160 580-93 176 581-13 158 
April 581-09 191 580-51 186 580-98 196 581-24 187 
IME yd aah: atte ste 581-35 206 580-77 202 581-13 172 581-40 199 
DUNES «cae see 581-47 207 580-89 202 581-37 190 581-55 199 
VOW 3.5. Dee 581-48 208 580-90 204 581-57 155 581-64 202 
AOCUSt Lope eee 581-45 206 580-87 201 581-63 159 581-64 201 
September......} 581-10 202 580-52 198 581-47 166 581-52 200 
October......... 580-91 197 580-33 192 581-23 164 581-29 195 
November...... 580-75 194 580-17 190 581-08 150 581-13 193 
December....... 580-70 170 580-12 165 581-06 161 581-06 167 
1907— 
January... 42.060 580-64 142 580-05 139 580-92 1£0 581-03 139 
February........ 580-68 127 580-09 123 580-86 140 580-99 122 
MBAR Clea 580-74 167 580-15 164 580-91 178 580-99 162 
April 581-00 190 580-41 186 581-10 195 581-09 184 
IMR Y ....a athe baie 581-16 200 580-57 197 581-27 151 581-26 194 
June! .,...4.. Lees 581-52 204 580-93 200 581-57 166 581-48 197 
July 581-52 209 580-93 206 581-86 173 581-66 200 
August.) Te ee 581-44 206 580-85 202 581-87 232 581-68 201 
September......| 581-42 206 580-83 203 581-73 229 581-65 203 
October.........| 581-17 202 580-58 198 581-63 227 581-55 218 
November...... 580-76 196 580-17 193 581-36 150 581-25 194 
December....... 580-65 189 580-06 185 581-08 214 581-01 190 
1908— 
January 580-48 122 579-90 120 580-86 139 580-91 119 
Mebruary:. cen 580-57 114 579-99 111 580-69 126 580-80 108 
Misr ch. See aye 580-64 108 580-06 106 580-68 119 580-81 103 
April... dene 580-94 186 580-36 183 580-86 150 580-99 182 
MAY occ chen ee 581-50 198 580-92 196 581-32 181 581-36 194 
JAMNE:..,.. hott ee 581-64 205 581-06 202 581-66 226 581-69 199 
Diihiy........4.5 Aer 581-83 209 581-25 207 581-91 232 581-85 205 
August... We.tee 581-72 206 581-14 203 581-97 233 581-88 204 
September......| 581-28 201 580-70 199 581-60 156 581-67 201 
October... Sete 580-92 194 580-34 191 581-24 154 581-31 194 
. November...... 580-27 189 579-69 187 580-87 170 580-91 189 
Fe eae ae 580-13 187 579-55 184 580-57 197 580-59 184 
1909— . 


January... 2%... 579-88 162 579-31 160 580-30 170 580-31 159 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HU RON—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation |Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given in record assumed at 8,500 c¢.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal]|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 


Stage |Discharge] Stage {Discharge vars Dar Stage |Discharge 
) 2) (i) 


(a) (b) (c) 7 dy (e) (h) 
1909— 
February... 580-02 110 579-45 107 580-17 121 580-18 103 
Marchi). 450: 580-10 146 579-53 144 580-22 150 580-25 143 
Aprils... Midi 580-36 182 579-79 179 580-33 150 580-39 180 
BY os ous ae ae 580-88 187 580-31 185 580-78 150 580-76 185 
JUNC... eae hee 581-08 195 580-51 192 581-23 150 581-17 189 
July 581-05 196 580-48 194 581-42 150 581-27 191 
August....... 581-07 194 580-50 mOt 581-45 153 581-23 192 
September...... 580-80 192 580-23 190 581-36 179 581-08 191 
October. M517 580-32 187 579-75 184 581-07 183 580-79 185 
November...... 580-21 183 579-64 181 580-80 158 580-52 184 
ca ae BM {#: 580-17 172 579-60 169 580-77 196 580-45 180 
10-— 
January......... 579-95 126 579-50 125 580-62 143 580-31 118 
February........ 579-94 135 579-49 133 580-50 150 580-19 125 
March) 74, )aa.4e 580-01 181 579-56 180 580-52 150 580-19 172 
MANDY! age the tee 580-37 185 579-92 183 580-70 150 580-33 176 
BY.) he shee ee 580-50 189 580-05 188 589 -97 150 580-54 180 
June’....; eae 580-57 192 580-12 190 581-17 150 580-70 181 
July 580-49 189 580-04 188 581-23 150 580-68 182 
August. |). ai- 1% 580-33 189 579-88 187 581-15 150 580-54 181 
September...... 580-29 187 579-84 186 581-08 150 580-47 182 
, October. Chas 580-10 186 579-65 184 580-98 190 580-37 178 
November...... 579-78 183 579-33 182 580-71 160 580-18 175 
Vi, cea HE IRY 579-46 153 579-01 151 580-41 162 579-85 145 
ti 
January 579-20 126 578-85 125 580-12 146 579-59 113 
February........ 579-40 124 579-05 122 580-03 141 579-55 116 
Warch' (4.0): 579-23 171 573-88 170 579-98 150 579-54 164 
Moril, 2%. nee 579-50 173 579-15 ial 580-05 150 579-59 168 
BY’ « cia sehte see 579-77 180 579-42 179 580-33 150 579-81 172 
Sune.....4. ache 580-05 185 579-70 183 580-65 150 580-11 174 
Duly 7... eae ee 579-89 184 579-54 183 580-82 184 580-21 177 
21 ORR Sa 579-85 183 579-50 181 580-74 168 580-14 174 
September...... 579-75 178 579-40 177 580-78 188 580-08 175 
October, 00.10% 579-65 177 579-30 175 580-75 157 580-00 172 
November...... 579-37 176 579-02 175 580-67 171 579-95 173 
Uy flute wl TER 579-48 170 579-13 168 580-57 150 579-91 167 
12— 
JANUATY:) acre tae 579-27 126 578-94 125 580-55 150 579-87 120 
February........ 579-29 129 578-96 127 580-40 150 579-78 124 
March £2. 25 ee 579-35 145 579-02 144 580-39 150 579-76 139 
‘Aprils 32. oct 579-52 170 579-19 168 580-48 150 579-88 169 
UY Seto 3 Bere 580-05 184 579-72 183 580-85 150 580-21 175 
DUNE... 1. owessee 580-46 188 580-13 186 581-38 189 580:71 183 
DULY es os oe ee 580-53 188 580-20 187 581-62 165 580-94 188 
WAuoust,) ashen 580-63 190 580-30 188 581-72 175 580-99 191 
September...... 580-71 194 480-38 193 581-81 230 581-18 194. 
October...20) 2% 580-41 192 580-08 190 581-64 228 581-20 194 
November...... 580-42 194 580-09 193 581-40 222 581-14 194 
December...... 580-18 193 579-85 191 581-20 222 581-09 191 
1913— 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation |Complete regulation} Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete jassuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord  |fassumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal]New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 
Stage Discharg| Stage |Discharge} Stage |Discharge| Stage |Discharge 
(a) (b) (c) d) (e) ped) (g) (h) (i) 
1913— 
February. a.. se 579-84 129 579-52 128 580-89 150 580-78 127 
March®..... S52 the 580-13 158 579-81 158 580-84 150 580-76 159 
SANTI! sis diate tee Sees 580-82 179 580-50 178 581-28 150 581-16 183 
Miay 3 dc SI tRM 581-13 187 580-81 187 581-82 150 581-61 193 
FONE: ac ah 581-26 190 580-94 189 582-07 234 581-78 197 
July.. 581-26 198 580-94 198 582-20 236 581-63 201 
(NUoUsteds.Aun ote 581-26 200 580-94 199 582-08 236 581-81 202 
September...... 580, 98 195 580-66 195 581-92 234 581-71 202 
October.........| 580-75 191 580-43 190 581-61 228 581-51 219 
November......| 580-44 190 580-12 190 581-41 224 581-29 194 
December...... 580-30 184 579-98 183 581-24 218 581-14 192 
1914— 
January). te 580-07 146 579-77 146 580-96 171 580-99 150 
INCDTUATY sen ee 580-04 137 579: 74 136 580-82 158 580-81 137 
March)... 3470 579-99 151 579-69 151 580-78 162 580-73 151 
April 580-15 174 579-85 173 580-73 150 580-70 183 
Mary<>.: Ani See 580-36 180 580-06 180 580-91 150 580-81 184 
June sos. (cae ee 580: 64 182 580-34 181 581-21 150 581-038 185 
DULY seek dose 580-79 189 580-49 189 581-50 150 581-18 190 
ANICUSt 35505 wee 580-69 190 580-39 189 581-56 171 581-16 191 
September......| 580-49 192 580-19 192 581-43 162 581-05 192 
October.........| 580:37 188 580-07 187 581-30 168 580-93 189 
November...... 579-82 183 579-52 183 581-00 178 580-67 185 
December......| 579-53 162 579-23 161 580-70 150 580-35 161 
1915— 
January ).. 9s: 579-45 117 579-17 ALS 580-50 138 580-10 113 
Hebpruary ier. ae 579-67 134 579-39 133 580-40 150 580-06 132 
March’... oe as 579-60 146 579-32 146 580-48 150 580-10 142 
Atari bse wee 579-56 167 579-28 166 580-43 150 580-05 163 
May vtcde soe USF 579-73 171 579-45 171 580-45 150 580-04 174 
June. 3.0). hase 579-89 175 579-61 174 580-59 150 580-15 174 
July.. 579-98 182 579-70 182 580-80 150 580-24 176 
August. i... feos 580-21 184 579-93 183 580-97 150 580-37 177 
September...... 580-01 181 579-73 181 581-15 150 580,41 180 
Octoberl.: eee 579-81 180 579-53 179 581-01 157 580-32 177 
November...... 579-46 176 579-18 176 580-95 186 580-16 176 
December...... 579-41 164 579-13 163 580-85 202 580-04 163 
1916— 
January :. ose. ves 579-16 153 578-90 153 580-72 150 579-98 152 
February........ 579-30 124 579-04 123 580-79 150 580-00 120 
March’. 4. a20at 579-46 122 579-20 122 580-93 150 580-13 122 
J NTO ail lee ee reais. c. phasic 579-95 150 579-69 149 581-06 156 580-35 150 
May ces acter 580-49 184 580-23 184 581-56 200 580-80 188 
Juanes kee 581-10 193 580-84 192 582-11 234 581-42 196 
duly: 581-31 197 581-05 197 582-47 215 581-85 204 
Mugust. ) sete 581-06 201 580-80 200 582-41 243 581-94 204 
September...... 580-67 198 580-41 198 582-07 230 581-76 223 
October! ..s. ane 580-50 196 580-24 195 581-75 231 581-45 199 
November...... 580-65 193 580-39 193 581-68 231 581-38 220 
.December...... 580-56 186 580-30 185 581-55 218 581-34 186 
1917— ’ 
January)..e7 vee 580-44 144 580-22 145 581-26 165 581-23 142 
HWEbDraaryncnesees 580-36 145 580-14 145 581-20 166 581-13 143 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HURON—Continued 


Stages in Feet above Mean Sea Level 


Year—Month 


Angista. «4s csee 


October. Fe Ie4 
November...... 
December...... 
1918— 
VANUAT Vine fone ee 
February........ 


ENUSUSE.. 206% oe 
Mctober... weve 


September...... 
October....Ues 


October. ..ai..02% 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Monthly 
Mean 
Stage Discharg 
(b) (c) 
580-49 191 
580-85 185 
581-18 193 
581-63 201 
581-97 211 
581-91 212 
581-71 206 
581-39 203 
581-20 195 
580-77 150 
580-82 125 
580-84 143 
581-13 168 
581-50 131 
581-75 199 
581-98 208 
581-97 212 
581-87 212 
581-49 210 
581-20 202 
581-07 200 
581-13 196 
580-77 189 
580-71 178 
580-81 181 
581-14 187 
581-46 195 
581-60 198 
581-37 203 
581-12 199 
580-77 197 
580-68 193 
580-42 189 
580-08 154 
580-00 108 
580-04 119 
580-19 155 
580-57 189 
580-82 186 
580-93 192 
581-08 200 
581-11 201 
580-93 201 
580-59 190 
580-32 182 
580-10 184 
579-91 181 
579-87 126 
579-96 162 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 
assumed complete 
Chicago diversion 

assumed at 8,500 c.f.s. 

Other lowerings from 
data compiled by 


U.S. Lake Survey 


Monthly 
mean 


Complete regulation] Partial regulation 
system; system; 
assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
diversion at diversion at 
Chicago and Chicago and 
New Welland Canal]New Welland Canal 
complete complete 


First of | Monthly | First of | Monthly 


Stage {Discharge 
(d) (e) 


580-27 192 
580-63 185 
580-96 194 
581-41 201 
581-75 212 
581-69 212 
581-49 207 
581-17 203 
580-98 196 
580-55 150 
580-60 126 
580-62 143 
580-91 169 
581-28 131 
581-53 200 
581-76 208 
581-75 213 
581-65 212 
581-27 211 
580-98 202 
580-85 201 
580-91 196 
580-56 190 
580-50 178 
580-60 182 
580-93 187 
581-25 196 
581-39 198 
581-16 204 
580-91 199 
580-56 198 
580-47 193 
580-21 190 
579-87 154 
579-79 108 
579-83 118 
579-98 155 
580-36 188 
580-61 186 
580-72 191 
580-87 200 
580-90 200 
580-72 201 
580-38 189 
580-11 182 
579-89 183 
579-71 181 
579-67 125 
579-76 162 


month mean month mean 
Stage |Discharge| Stage |Discharge 
(f) (g) (h) (i) 
581-09 © 220 581-10 195 
581-28 222 581-22 184 
581-55 190 581-48 196 
581-83 230 581-78 199 
582-09 208 582-10 206 
582-20 239 582-29 230 
581-97 234 582-19 229 
581-57 228 581-93 223 
581-27 184 581-71 220 
581-00 168 581-44 149 
580-85 136 581-23 122 
580-77 156 581-24 140 
580-92 181 581-37 166 
581-15 139 581-64 125 
581-41 210 581-94 197 
581-63 218 582-20 213 
581-70 155 582-29 235 
581-75 158 582-15 229 
581-62 174 581-94 227 
581-43 201 581-64 220 
581-25 222 581-47 220 
581-23 227 581-44 19 
581-05 204 581-35 181 
580-91 163 581-18 172 
581-06 181 581-12 177 
581-16 205 581-33 182 
581-48 194 581-66 191 
581-68 150 581-89 200 
581-86 218 581-86 201 
581-66 152 581-70 199 
581-49 150 581-50 198 
581-33 173 581-29 195 
581-17 221 581-09 192 
580-85 173 580-84 148 
580-62 118 580-65 99 
580-51 131 580-57 113 
580-58 170 580-59 152 
580-92 217 580-86 194 
581-31 194 581-17 195 
581-40 150 581-26 194 
581-62 188 581-35 196 
581-73 184 581-45 198 
581-57 158 581-39 197 
581+37 172 581-22 194 
581-11 152 581-02 190 
580-91 163 580-79 180 
580-76 177 580-61 178 
580-64 144 580-44 119 
580-53 166 580-43 160 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


complete 
First of | Monthly 
month mean 
Stage Discharge 
(h) (i) 
580-68 181 
581-01 186 
581-13 187 
581-08 188 
580-90 185 
580-71 186 
580-60 183 
580-38 179 
580-21 166 
580-07 127 
579-94 126 
580-00 164 
580-39 174 
580-89 186 
581-22 192 
581-36 195 
581-40 195 
581-27 194 
580-97 188 
580-59 182 
580-19 176 
579-93 140 
579-76 112 
579-74 164 
579-93 165 
580-25 180 
580-57 183 
580-71 185 
580-66 184 
580-62 183 
680-35 179 
580-07 174 
579-79 169 
579-55 145 
579-51 116 
579-56 143 
579-67 159 
579-94 170 
580-20 171 
580-34 177 
580-50 179 
580-51 181 
580-30 175 
589-91 170 
579-51 144 
579-25 126 
579-11 131 
579-13 150 
579-22 161 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HU RO N—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation |Complete regulation 
Actual conditions | New Welland Canal system; 
occurring assumed complete |assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at 
giveninrecord |jassumed at8,500c.f.s. Chicago and 
Year—Month Other loweringsfrom|New Welland Canal 
data compiled by complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly 
Mean mean month mean 
Stage {Discharge} Stage [Discharge] Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) 
1921— 
April. $41 bs tees 580-44 183 580-24 182 580-78 165 
AY... he ceesete 580-62 180 580-42 180 581-19 150 
June.. 580-65 186 580-45 185 581-37 150 
LY, .c0 Oh. cee ce 580-48 191 580-28 191 581-42 150 
PA oust... kt eee 580-18 189 579-98 188 581-35 150 
September...... 580-03 189 579-83 189 581-31 180 
October 22: 2m 579-87 185 579-67 184 581-16 199 
November...... 579-69 175 579-49 175 580-90 150 
December....... 579-51 170 579-31 169 580-77 150 
1922— 
January.........0) 100929 127 579-10 128 "580-68 153 
February........ 579-26 126 579-07 126 580-41 148 
Miearnchinnt. pee her 579-50 165 579-31 166 580-44 172 
April 580-04 176 579-85 176 580-85 191 
May ...:4. 2 Oe 580-52 183 580-33 184 581-37 213 
JONE......6 ease 580-62 190 580-438 190 581-63 217 
Dilly... > 4. Peete 580-73 196 580-54 197 581-73 161 
August..........] 580-64 196 580-45 196 581-82 180 
September...... 580-43 193 580-24 194 581-72 228 
Occober.........| 580-02 186 579-83 186 581-35 159 
November...... 579-59 180 579-40 181 581-03 166 
Decemhber....... 579-14 181 578-95 181 580-80 170 
1923— 
PANUATV Eons sel POCO LO 141 578-91 141 580-41 170 
February........ 578-83 116 578-64 115 580-17 135 
Marche) .b5) tee 579-04 165 578-85 165 580-15 150 
PATA. Gickiosklts bee 579-27 167 579-08 166 580-33 150 
IMSS... Dees bie 579-70 183 579-51 183 580-70 150 
June 579-90 188 579-71 187 581-07 150 
tly ....ch oes ler 579-96 186 579-77 186 851-28 196 
August. . 28.022) 9579879 185 579-60 184 581-20 171 
September...... 579-69 184 579-50 184 581-09 183 
October... 4.120 579-41 181 579-22 180 580-92 176 
November...... 579-09 176 578-90 176 580-65 164 
December....... 578-80 170 578-61 160 580-37 150 
1924— 
PANUaT yah clare: 578-54 146 578-40 148 580-19 150 
February........ 578-77 120 578-63 121 580-13 143 
IMarchi.d...6s0ee 578-75 145 578-61 147 580-14 150 
April...) . ie Aaa 578-99 160 578-85 161 580-23 150 
Mary; .bctestiee 579-29 173 579-15 7S, 580-53 150 
IME: ob eee 579-45 176 579-31 177 580-82 150 
UL Yb dees pee 579-53 177 579-39 179 581-03 150 
PAUICUSt. tse Lee 579-67 181 579-53 182 581-23 150 
September......| 579-55 182 579-41 184 581-28 150 
October... Bo te 579-30 174 579-16 175 581-17 15 
November...... 578-78 169 578-64 171 580-82 150 
December....... 578-47 146 578-33 147 580-45 50 
1925— 1 
January.........| 578°30 127 578 - 26 128 580-19 150 
February........ 578-25 132 578-21 132 589-99 150 
March.!. 28.082 578-33 149 578-29 150 580-02 150 
April.2 tee 578-51 160 578-47 160 580-09 15 
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TABLE 10.—EFFECT OF REGULATION—LAKE MICHIGAN-HU RON—Concluded 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation 


Actual conditions | New Welland Canal 


Complete regulation} Partial regulation 
system; system; 


occurring assumed complete jassuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord assumed at8,500c.f.s Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of { Monthly | First of | Montnly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge} Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (h) (i) 
1925— 
Mayina. ive tet 578-45 163 578-41 164 580-17 150 579-27 162 
JUNC A ant cee ae 578-50 163 578-46 163 580-21 150 579-29 162 
NUL cee eee ee 578-59 164 578-55 165 580-30 150 579-35 163 
TAUGUSU) Vac Me ve 578-52 161 578-48 161 580-30 150 579 +34 161 
September.... 578-32 158 578-28 159 580-16 150 579-17 158 
October). Beye 577-92 156 577-88 156 579-91 150 578-89 153 
November...... 577-68 151 577-64 152 579-64 150 578-61 151 
December....... 577-47 155 577-43 155 579-42 150 578-40 138 
TABLE 11—EFFECT OF REGULATION—LAKE ERIE 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation |Complete regulation} Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given in record assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 
Stage Discharg| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) (c) (d) (e (f) (g) (h) i 
1860— 
OUUALY ee tare 573-26 224 572-44 GA Gait ie Ad dre |S eo 572-50 197 
February........ 572-90 216 572-08 DO Sip | ame ea. We oem ee 572-20 184 
WEST CH cet rove et 573-30 225 572-48 DA Seen A seated ere eee tae 572-35 190 
PADIS ca sce 574-00 241 573-18 PIESS 3M ll Vale RAR ee eal LA Nip dedi 573-05 219 
10 ES Va es ec 574-21 246 573-39 BU oa [Re TEI i Od HAS Coed Ss 573 +54 235 
June 574-18 245 573-36 bY faced (OE RP raha ier eal lean ea Petia 573057 237 
July 573-92 239 573-10 DOO Gee ee steed cere 573-29 240 
PRUSUSU. ters cite 573-76 236 572-94 SASS. da tied he Sod Re Ietse ae 2 573-00 231 
September...... 573-42 228 572-60 737A a yl RY OE Se RN eT 572-72 222 
OCtopert. 5 one) 1Oloele 221 572-30 DL Sear ase. Hello atte eames 572-37 205 
November...... 573-03 219 572-21 PAW AS Be ONS eee eee ie 572°35 203 
‘ December....... 572-87 216 572-05 PAD Sohn 0a (ae Sire A BIE aes Cue 572-31 226 
861— 
ANUATY eee 572-61 210 571-79 PAD} Bot ll ieee Mr 5 ANA (ee He. hs 571-88 176 
Re bruarye se. .acr 572-33 204 571-51 ROO |, aeieeed o.2y-il odo sepia 571-82 176 
March ws. essere 572-77 213 572-01 DOG ee ge Male clone were 572-02 177 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet Above Mean Sea Level 


1863 


Year—Month 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 


given in record 


Computed conditions 
for present regimen 
without regulation |Complete regulation 
New Welland Canal 


Chicago diversion 
assumed at 8,500 c.f.s. 
Other lowerings from|New Welland Canal 

data compiled by 

U.S. Lake Survey 


system; 
assumed complete jassuming 8,500 c.f.s. 
diversion at 
Cnicago and 


complete 


Monthly 
Mean 


Monthly 


mean 


First of 
month 


Monthly 
mean 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 
complete 


First of 
month 


Monthly 
mean 


Stage |Discharge} Stage |Discharge| Stage |Discharge] Stage |Discharge 
(b) (c) (d) (e (f) (g) (h) (i) 


August.......... 
O¢tober!../§.20% 


September...... 
October.ncc. 2: 
November...... 
December....... 


JRNUATV A, use eeeuy> 


August.......... 
September...... 
October) encour 


Amoust.}..a 28s 
September...... 
(Metober. .:L2.6%2 
November...... 


Pe oe On 


pee wer eee 


195 
176 


176 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 


Year—Month 


August-£: Te. 80e 

September...... 

October. Me. fF2 

November...... 

December....... 
1866— 


VAUCUSE AS ON OR 
September...... 
October 94.05% 
November...... 
December....... 
1867— 
January). ..n2..08 
February........ 


AUPISt AE eee 
September...... 
October...) 2. 
November...... 


OctobeF. 86.1.0 i 

November...... 

December...... 
1869— 


45827—11 


Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation|Complete regulation} Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

giveninrecord  |assumedat8,500c.f.s. Chicago and Chicago and 
Other loweringsfrom|New Welland Canal|/New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean ‘month mean month mean 


Stage |Discharge| Stage |Discharge| Stage |Discharge] Stage |Discharge 
(b)  (¢) (d) | () (f) (g) (h) 


Gi) 
573-05 220 572-23 DLS | Rs eee et |e oA eae 572-65 202 
573-03 219 572-21 ZI | ee A eS RAE 572-99 216 
572-99 218 572:17 QUIDE |B Mala ss | ots dem ater 572-89 228 
572-91 216 572-09 ZOSta |e eee 1. : |e beeen 572-62 219 
572-87 216 572-05 BOOTS 8. HERE | 54 oP Rae 572-43 210 
572-57 209 571-75 AU ALR Wea Rca (on Cab, A 2 572-23 194 
57219 201 571-37 LO dee of. BER 0. |e CCS 571-93 176 
572-05 198 571-23 LOO EE. core teee | ars ays eee 571-83 176 
‘571-78 t+ ~192 ‘570-96 ASS} bch 0. | OE eee 571-77 176 
571-62 188 570-80 SORE |. 8c PBR. | sere ANS Raters 571-65 176 
572-01 f BilOW 571-19 LOOM |:4). BRE. |. Be he eee 571-81 176 
572-59 209 571-77 OIE hid REO Se. [cto keepers 572-39 192 
572-81 214 571-99 207 | 28 ache oe. |e ee ee 572-84 210 
573-07 220 572-25 Ase A Se oo VS IE YAS ici 573-02 217 
573-18 222 572-36 7A Bs Gee So a eR I 573-14 235 
572-93 217 572-11 DOOR E ea tNee ts. | ot. oak fone 572-86 227 
572-87 216 572-05 QOS SE | 8s Pee | ok eee 572-51 216 
572-86 215 572-04 QOMR A BEE on | de ee eR 572-40 207 
572-62 210 571-80 PA A Sa 4 eee An Re oe cacrc 572-31 200 
572-63 210 571-81 OZER we) Metee. |baticds: acceler 572-22 214 
572-34 204 571-52 LOVGE bok: Gr) Ak | 28 ee eR 572-07 179 
572-02 197 571-20 iA SS te aa fe ee Pl 571-90 176 
572-42 200 571-60 LOD | 28s Peete foe «oy 572-03 178 
57274 213 571-92 1OSRE | 22. ROR ar eset Roe 572-54 198 
573° 26 224 572-44 QTC [eta eR es | ky BELPER 573-02 218 
573 +57 231 572-75 Peay WEE A GeO Be See TA 573-43 233 
573 +38 227 572-56 D20ES |i GER ss |b teh oie 573-40 243 
573-07 220 572-25 VAIO) GR esta (Be ROR TT Os 572-90 228 
57268 211 571-86 QO AA Ld. thie. ss be stake wee 572-44 211 
572-34 204 571-52 1OGtH |: danse tos | ke ok ee 572-01 177 
571-84 193 571-02 1860 Pod teeee ies] toe oes 571-78 176 
571-62 188 570-80 tO Ott, $386 S84. Jaane oor 571-52 176 
571-42 184 570-60 A ieiee | tet ee | torte pee 571-39 176 
571-04 176 570-22 LOSOR Tok dete cea Lt Ree 571-13 \ 176 
571-63 188 570-81 USC, alle eae or Se foe tees AOI Os 571-17 176 
572-46 206 571-64 OS i 058 ot epee ie | sh a oghha tie 571-87 176 
572-91 216 572-09 ZOO be |) Repth es | bre. ope otstaye 572-74 206 
573-30 225 572-48 DAGem | Sh. etm oss | ok pte eee 573-18 225 
573:27 224 572-45 PA Ce as toe oe. See eae oo 573-28 240 
572°75 213 571-93 2OSre 4 Bee oe |b conte pee 572-78 225 
572-48 207 571-66 730 GIS Sees oo eee fee Be oc ao 572-22 193 
572-03 197 571-21 LSOb |b. ubegee Soa | 58 Sota eee 571-91 176 
571-87 194 571-05 tea Es eae ee ae [Mey a os 571-72 176 
571-66 189 570-84 TSU | Serene lop rte um sctars 571-58 176 
571-65 189 570-83 182 572-20 180 571-54 176 
571-58 187 570-76 179 572-06 198 571-50 176 
572-06 198 571-24 191 572-43 199 571-75 176 
572-36 204 571-54 196 572-67 194 572-35 190 
572-91 216 572-09 209 572-56 176 572-81 210 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation|Complete regulation| Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete {assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord  |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge] Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1869— 
UNE: ,.cichi anes 573-30 225 572-48 217 573-55 231 573-22 226 
PLY. <scchice eee 573-58 232 572-76 225 573-67 279 573-42 243 
August.be.teses 573-48 229 572-66 221 573-63 246 573-33 245 
September...... 573-21 223 572-39 216 573-47 245 572-87 227 
OMetober. i 43% 572-76 213 571-94 205 573-23 222 572-33 202 
November...... 572-30 203 571-48 196 572-73 210 571-89 176 
ees ra uae 572-65 211 571-83 208 572-77 218 571-98 186 
1870— 
JANUALTY bios ale sok 572-89 216 572-07 209 572-79 184 572-42 193 
February........ 573-12 221 572-30 213 573-07 190 572-86 210 
March. |. 04% 572-89 216 572-07 209 573-09 218 572-80 208 
VAD rile 6 skies ee 573-54 231 572-72 223 573-45 231 572-94 214 
IMR sch d chee 573-75 235 572-93 228 574-13 209 573-41 232 
OUDE dsrecdoridee vane 573-72 235 572-90 227 574-20 225 573-46 233 
WON acs 573-76 236 572-94 229 574-13 289 573-37 242 
AUSUS Lk eee 573-71 235 572-89 227 573-95 242 573-23 238 
September...... 573-46 229 572-64 222 573-57 282 572-99 230 
October......... 573-08 220 572-26 212 573-04 256 572-56 217 
November...... 572-78 214 571-96 207 572-61 237 572-15 188 
<2 actin oa SAB vile 572-66 211 571-84 203 572-45 248 572-10 200 
1871— 
JANUATYD ssp ees 572-45 206 571-63 199 572-20 201 572-03 177 
February........ 572-12 199 571-30 191 571-98 176 571-88 176 
March. tiinencnte 572-57 209 571-75 202 572 +38 229 572-03 eG 
BADE Oe thee eee 573-05 220 572-23 212 572+77 222 572-67 203 
LLY deste Patent 573-32 226 572-50 219 573-22 239 573-08 220 
UUUC Li fon Meee 573 +35 226 572-53 218 578-41 230 573-15 222 
AD PRE NB eb id 573-33 226 572-51 219 573-54 248 573-06 232 
PANIPUStanccee arte 573-12 221 572-30 213 573-43 249 572-76 224 
September...... 572-95 217 572-13 210 5738-15 176 572-48 210 
Ottober. 7). .c. 572-28 203 571-46 195 572-65 176 571-98 176 
November...... 572-10 199 571-28 192 572-11 176 571-75 176 
at ge pA 571-66 189 570-84 181 571-69 176 571-56 176 
1872— 
JANUATYE sen eee 571-58 187 570-76 180 571-60 176 571-43 176 
February........ 571-34 182 570-52 174 571-25 198 571-27 176 
Marchi \ne cor 571-25 180 570-43 173 571-15 182 571-05 176 
APTI Rison eee 571-45 185 570-63 177 571-20 176 571-04 176 
UY ance lctena ageheeds 571-89 194 571-07 187 571-50 176 571-35 176 
AEN, Cee A bee 572-26 202 571-44 194 571-95 176 571-82 176 
AU NYSEIERS aoe Ath 5 A 572 +25 202 571-+43 195 572-01 176 572-11 185 
PAM OUST sce pine 572-22 201 571-40 193 572-02 176 572-10 184 
September...... 571-99 196 571-17 189 571-98 176 571-98 176 
Optober: io... |) POM 82 193 571-00 185 572-00 176 571-83 176 
November...... 571-49 186 570-67 179 571-90 176 571-64 176 
SF Aastt Pad oe 571-26 181 570-44 173 571-53 176 571-41 176 
1873— 
JANUATY): «ia. 000» 571-16 179 570-34 172 571-27 176 571-23 176 
February........ 571 179 570°-35 171 571-10 176 571-09 176 
Marchi. sss stepece 571-24 180 570-42 173 571-43 176 571-07 176 
day ye Ee Bd 572-52 208 571-70 200 572-20 176 571-74 176 
SH Botts epee 573-19 223 572-37 216 573-25 229 572-95 215 
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TABLE 11—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation |Complete regulation} Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete {assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |assumedat 8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 


Stage |Discharge| Stage |Discharge nee Esenaee Stage |Discharge 
£ (h) 


(a) (b) (c) (d) (e) (i) 
1873— 
DULY aR. hee te 573-25 224 572-43 217 573-30 225 573-18 237 
PA cova RAE 573-19 223 572 +37 215 573-50 262 572-93 229 
September...... 572-79 214 571-97 207 573-11 237 572 +55 217 
Octobernsh eek 572-49 207 571-67 199 572-77 225 572-11 185 
November...... 572-29 203 571-47 196 572-55 244 571-98 176 
honed es Sane: 572-66 211 571-84 203 572-49 232 572-25 218 
1874— 
January... J 228 573-05 220 572 +23 213 572-50 198 572-50 197 
February........ 573-10 221 572-28 213 573-08 202 572-91 213 
Meanchiyt acetone 573-13 221 572-31 214 573-39 218 572-91 213 
Aprils sepaee see |) kono 225 572-48 217 573-10 204 572-99 216 
May. 24. ths Bie 573-39 227 572-57 220 573-46 180 573-10 221 
WUNE. cea teehee 573-46 229 572-64 ° 221 573-52 184 57321 226 
Duly. bees 573-49 230 572-67 223 573-57 256 573-16 235 
August..........] 573-33 226 572-51 218 573-47 256: 572-94 229 
September...... 572-87 216 572-05 209 573-05 223 572-50 216 
October.........| 572-48 206 571-61 198 572-67 200 571-92 176 
November...... 572-01 197 571-19 190 572-46 201 571-66 176 
: ea Novae a 571-80 192 570-98 184 572-25 183 571-48 176 
875— 
JANUATY: . bias Sue 571-57 187 570-75 180 572-20 207 571-31 176 
February........ 571-40 184 570-58 176 571-95 198 571-11 176 
March dissent 571-54 187 570-72 180 571-71 201 571-08 176 
PSpril 22s eee! coed O04 195 571-12 187 572-15 176 571-36 176 
Maya .24.aere te 572-41 205 571-59 198 572-65 176 571-97 176 
JUNC 53:4 sctes ee 572-84 215 572-02 207 573°37 176 572-60 200 
Uulyctsrt eee oce| tole: OC 218 572°15 211 573-45 191 572-92 228 
August..........| 572':96 218 572-14 210 573-35 224 572-77 225 
September...... 572-82 214 572-00 207 573-15 248 572-53 217 
October.........| 572-33 204: 571-51 196 572-65 205 572-26 197 
November...... 572-18 200 571-36 193 572-45 219 572-08 |, 179 
eaiare Vi ated 572-40 205 571-58 197 572-45 252 572-36 232 
1876— 
Nanuarys oe ye 572-36 204 571-54 197 572-24 248 572-12 180 
February........ 572-92 217 572-10 209 572-36 176 572-51 197 
Mianch a4) 82 kr 573-57 232 572-75 225 573-10 209 573-22 226 
Aprils aac e 574-09 243 573°27 235 573-40 232 573-87 246 
May Md soe 574-41 251 573-59 244 573-62 245 574-20 256 
DINE cch tb seee 574-52 253 573-70 245 574 04 272 574-30 259 
Vitlyub nse seos Lee 574-41 251 573°59 244 574-04 268 574-17 266 
AMGUSty. 301825) tol(4c1) 244 573-29 236 573-56 258 573-91 269 
September...... 573-94 240 573° 12 233 573-68 278 573-58 261 
October ..4. 12% 573-41 228 572-59 220 573-12 265 573-12 234 
November...... 573-49 230 572-67 223 572°72 243 572-93 247 
December...... 573-15 222 572-33 214 572-60 266 572-72 243 
1877— 
January,..60:1 32 572-75 213 571-93 206 52006 Tasca ee ee 572-34 190 
February........ 572-59 209 571-77 OUT dies... toot eee 572-24 186 
March s2...0¢ee: 572-36 204 571-54 MOTTE |< dae Bee sion aromas 572-16 183 
SASDTAl. 5.4.2, hs Bae 572-79 214 571:°97 206TH 2. Sat. <t. |oob beens 572-41 192 
May. .4..Reeeek 573-04 219 572-22 PAA RS Wy ces a Ie gah 572-85 211 
JUDE: scheme ee 573-12 221 572-30 I se a cn a Ra 572-99 217 
ARAYS acumen 573-36 226 572-54 ARO RO iter sr, mcoags tients aceon eke 573-02 231 
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TABLE 11—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation|Complete regulation| Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 ¢. .s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |jassumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal]|New Welland Canal 
data compiled complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
Mean mean month mean month mean 


Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) (c) (d) (e) (f) 


(a) (g) (i) (h) 
1877— 
Wugust..:..01 1598 (ovonee 223 572-40 QV TGs 4 . Meees.| th... eee 572-83 226 
September...... 573-14 222 572-32 DUS. Seen. | occ eee 572-50 216 
October...05...8| (572-74 213 571-92 20500) 52. Seas. |. 2: eee 572-35 203 
November...... 572-66 211 571-84 2OAM| Ss Bee | ode Beene 572-25 197 
Per An: 230 572-74 213 571-92 QODTE | \2 «eects || so ot 572-44 237 
1878— 
Januatyeeeee ee 572-82 214 572-00 DA BIRR Re: tose hoe BR RROS 0-6 lo a 572-35 190 
February........ 572-96 218 572-14 DOG) VL. Paw... ctl a. eee 572-54 198 
Marchi.4... 2a. eit 573-09 220 572-27 DISA). \. ARTS. i. eee 572-74 206 
April scckerone oes 573-51 230 572-69 Ppa Ns ee ee Se 573-02 218 
NVonk dese ee 573-77 236 572-95 DOOM 32 . Stee Ga. |. 3s ae 573-39 230 
JUNC coke See 573-77 236 572-95 228 Me.) . eee. | a. Oe 573-45 233 
400 ts Me fe 573°77 236 572-95 Y P2204 | Bas 3 ae facts eet 573-31 240 
Atioust.| ..05..2n | lOlecos 231 571-71 D23Val St cels\| ace meme 573-02 231 
September......| 573-40 227 572-58 D200! (5. AIBA. |. 32 ree 572-68 221 
October...25:5:.) (5738:05 220 572-23 21 290)..)1: SAS OS. || doe ne ae 572-38 206 
November...... 572-85 215 572-03 208 4)).11.,. BPR as | ho. ee 572-28 199 
Fe a as PY PG 572-93 217 572-11 209) ch fe oa | tascam 572-40 235 
79— 
JANUATY Pen. oa | Ola LOL 208 571-69 DOW 28 Aedes | Iie ee 572-04 177 
Hebruany. /}....: 572-37 205 571-55 TOGNG) 28. 6 So hc » «ade oe 571-93 176 
March..... .....| 572-40 205 571-58 1ORAN| 1. SR. | a, Ae 572-02 177 
END esd ake 572-76 213 571-94 20500.) eee ee 44 eee 572-37 191 
BV do eae 572-91 216 572-09 2OOME) 1), SES SS: |. beep 572-74 206 
OUNE.wecbheetes so 573-00 218 572-18 QUO). ee a. es eee 572-88 22 
5 hv) A A aa Di! 573-03 219 572-21 212 0b) |. He Se) eee 572-87 227 
AUGUSt.t..eeo 258 572-81 214 571-99 20631). Meters ha |cia. col eee 572-58 218 
September...... 572-48 207 571-66 YAU, TBR aes oh Ne a oh 572-15 187 
October). 28.228) 157225 202 571-43 TOATAN 301. ae ety ake |, sa RNa 571-93 176 
November...... 571-78 192 570-96 G35 50) ..2. eee a]: Bae 571-72 176 
Po ua a Lee ey: 572-04 197 571-22 SOR} ch. Sete | 0) ae ae 571-63 176 
80— 
January;........| \o12:o4 208 571-72 DAI Sine oe ntns ABE tos oc 572-15 183 
February........ 572-58 209 571-76 QOL VG ac se Nee os cil atdea ee mae 572-60 200 
March.........0 508 572-72 212 571-90 QOS RM 13. eee |. chee eee 572-61 201 
ADT cata oe 572-88 216 572-06 DOS 1 deere | . tac see 572-74 206 
INPRY.cicchd. is Meat ee 573-15 222 572-33 DS ER 58, Setters. ||. kaeis Meee 572-96 215 
June 573-26 224 572-44 PANO aS ae, srt ARO as 573-11 221 
Vuby. 00h. eae) (Olowo: 226 572-53 DOME) i: Sete, | atl. oe ee 573-10 233 
‘Ausust.}. 342% ss 573-11 221 572-29 DISARM . Aes [class Ae 572-86 227 
September...... 572-88 216 572-06 29RD | (2 -aee, sd. Bee 572-50 216 
October.........| 572-44 206 571-62 TOSAD cs. ae eee |i. 0d oe 572-07 181 
November...... 572-36 204 571-54 LO ANY od ARRAS ||. (5 os RR 571-97 176 
ised Ree NC 572-02 197 571-20 ASOMEI. \t,. Ateeere ||. 4. cet 571-91 177 
81— 
JANUATY tes an- cs 571-61 188 570-79 SW GRAB roa Ns 5.3 571-73 176 
February........ 571-72 190 570-90 TSS AG). Fae coc 1s tle eee 571-61 176 
March.,...02e. a0 572-04 197 571-22 TOUR) ..o. SE. a5) Bee 571-8 176 
1X Sr Ve re et 572-74 213 571-92 DOGG. er tae | |. ho Rr 572-47 195 
See Ble 4 nl ST 573-14 222 572-32 DLO VG| yee ||"2., Ae eee 573-09 220 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Year—Month 
Monthly 
Mean 
Stage |Discharge 
(a) (b) (c) 
1881— 
August... .. Wi. 573-01 219 
September......| 572-66 211 
Octobers. 4h ee 572-61 210 
November...... 572-43 206 
December....... 572-64 210 
1882— 
January 4... Qa. 573-11 221 
BRebruary..h! ai. 573-11 221 
March: tsa 3) 573-56 231 
April. 573-78 236 . 
Mays 5k ORR 573-98 241 
TUHOT 4s SH BN 574-13 244 
Uy eS eras 574-06 243 
ANGUS A. es 573-92 239 
September...... 573-65 233 
October. eae 573-20 223 
November...... 572-88 216 
December....... 572-37 205 
1883— 
January 4... eo. 572-28 202 
February........ 572-49 207 
Miareh:.< las Sis 572-68 ili 
April:..71., ae ne 572-80 214 
Miaty cern k ube Ss 573-26 224 
PUNE yoda eae 573-96 240 
SUlyss cde a) O46 245 
INSUSE.4. sae 574-10 244 
September...... 573-79 236 
October wl 573-47 229 
November...... 573-09 220 
December....... 573-12 221 
1884— 
January: 4. sues 572-79 214 
February../.:... 573-05 220 
March 3. Sh-8. 573.24 224 
April 573-79 236 
MEY. 5 25 xi fied 574-06 243 
SIME eee 574-14 244 
Jilly es A Aes 573-92 239 
Mueusts.).: fee 2 573-76 236 
September...... 573-33 226 
October. . 0.04: 573-00 218 
November...... 572-52 208 
December....... 572-45 206 
1885— 
JADUALY gt 572-27 202 
February........ 572-06 198 
March. :)::, 282253 575-92 195 
Meoprill, .4 452 50 572-74 218 
IM Vic as Saas 573-47 229 
JUNE ya): PANS: 573-98 241 
ily Paes es ere hee 573-94 240 
Wueust) sso Wee foe 573-95 240 
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Computed conditions 
for present regimen 
without regulation 
New Welland Canal 
assumed complete 
Chicago diversion 

assumed at8,500c.f.s. 

Other lowerings from 


Complete regulation| Partial regulation 


system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


New Welland Canal]|New Welland Canal 


data compiled complete complete 
U.S. Lake Survey 
Monthly First of | Monthly | First of | Monthly 

mean month mean month mean 

Stage |Discharge} Stage |Discharge| Stage | Discharge 
(d) (e) (f) (g) (i) (h) 

572-19 PASAY | ns Aa aed os Rani A Pe 572-90 228 
571-84 QOS cb watice called. athe dey 572-44 211 
571-79 DOS cide sites a4 lente arene es 572-21 214 
571-61 OOH ei ARR | takes emer Res 572-33 202 
571-82 DAU Beas eben eat eek een es 572-43 237 
572-30 PSA {iB Ripa 1S Ale (a Ae Ee 572-63 202 
572-30 PAI 1 Ge Se en Ns Ra ae 572-98 216 
572-75 DOE oa cater. « aleteteaataetaes 573-18 225 
572-97 POPS IWN |B PR ARR rs ti ASB 573-53 235 
573-17 DOW leste e Wltes «lass « akaenaeds 573-70 241 
573-32 DSW Sele a ates «a he mee 573-87 246 
573-25 Daal nck: o Mette « 4| Sah > eee aes 573-81 255 
573-11 2a Monk nates See: ate Be 573-58 262 
572-84 DTN We Rapa 4: 2 eae (Ney RAR § eke 573-34 245 
572-39 PALOMA) sats o Dtabe ts Nsnedore Sete ees 572-99 230 
572-07 SANA IV Mie 8 Mme Hee) ae 572-64 226 
571-56 HO Sia eet cas eS alee cet ect aay 572-22 214 
571-48 OG al ke MES. Nl abc ae aes 571-99 176 
571-69 LOO TE Ae WER Sl. te, ee tas 572-22 185 
571-88 DONA ds: Date clk shes eee aeks 672-51 198 
572-00 PAIS | ee Oana «dai UA eas Ue 572-72 205 
572-46 VAI RCREY | ieee fee | a ade Hae) 573-02 218 
573-16 OIA tc: Mone. Al abe: eae eet 573-53 237 
573-36 OO lA te) elite. cal ee eae 573-93 259 
573-30 DISA Ile ARDS. Go RI ali «ee 574-01 271 
572-99 230 90) wee als ee ao ee 573-65 264 
572-67 CODEN Bn Aamo ea | ant isd Ba 573-18 237 
572-29 QAM chs RES. 5: Al Sed, Bree See 572-84 242 
572-32 PLL | ee ae |The 572-45 237 
572-00 DOS RR te tendo sek: ee eas 572-21 185 
572-26 28 WA. Ms. Alek. Ahem 572-33 190 
572-45 USWA. ele oi Metees sl sete ah tones 572-71 205 
573-00 POON hace dirs: ll cetera 573-17 225 
573-27 Datel, Hs oddone «ols heoacsee 573-55 237 
573-35 DEAS i aay Ree ae 573-65 239 
573-13 Qo Walls he i Deke acllic hos Moker 573-50 246 
572-97 SPUR A er a 573-30 243 
572-54 PQOWG cits ots sal setters alae 572-95 229 
572-21 alt NIN ae Nn Bg 572-58 218 
alas} OZ WE tive dtdths 2 | a ata teaet ahs 572-15 188 
571-66 MOOG Mery sacc eal atte ener 572-06 195 
571-49 OG Wel Oh EE. «. cdlaesde wala eke 571-92 176 
571-28 NG Uy het Wiese? Marae Dee Bee 8 571-86 176 
571-14 TSO Nes ape ie es 571-77 176 
571-96 BAU OTRY «bas aah | a ee 572-24 186 
572-69 OL «dacs Mtoe s, «l|' hes eee nas 573-18 225 
573-20 D4 Valls de Witte «sil coe Reheat 573-66 240 
573-16 Oa Me toe Meters «| coke: ears 573-72 253 
573-17 BEE CURA A | bE ER NR 573°61 262 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 


Stages in Feet above Mean Sea Level 


Year—Month 


(a) 


1885— 


September...... 
@&tobers.. Hay 
November...... 
December....... 


1886— 


18 


September...... 
October). . 220 
November...... 
December....... 
1887. 


August. 2... 87d. 
September...... 
October... 22.22: 
November...... 
December....... 
1888 


October!,. 23-50! 
November...... 
December....... 


89— 


AUPUSt. 40. atte 


Actual conditions 


Discharges in Thousand Second Feet 


occurring, 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation {Complete regulation} Partial regulation 


New Welland Canal 


system; 


system; 


assumed complete {assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 


Chicago diversion 
assumed at8,500c.f.s. 


diversion at 
Chicago and 


diversion at 
Chicago and 


Other loweringsfrom|New Welland Canall|New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

Mean mean month mean month mean 

Stage |Discharge} Stage |Discharge}] Stage |Discharge] Stage | Discharge 
(b) ¢) (e) (f) (g) (i) (h) 

573-80 237. +) 873-02 Dott Os RAR: 3). eee 573-37 248 
573-70 234 572-92 OT sal. see Bae. | 9 oe ee 573-18 225 
573-58 232 572-80 26) Va). Ho SAE 2 | «ck ee 573-19 253 
573-53 231 572-75 O24 OES. ||. .c be eee 572-95 248 
573-55 231 572-78 PPA UE Sete ste aes MM 5 acct ofS ee 572-86 212 
572-82 214 572-05 DO Ta tho hee | 2B eae 572-59 200 
572-63 210 571-86 1 MASTER Site EGR BE AS 572-14 181 
573-51 230 572-74 OB alld hd aes cs Sees enna 572-65 202 
573-81 237 573-04 DB AR) * DERE Selle ees 573-40 232 
573-91 239 573-14 BO Tal. cts tae o's eR 573-49 234 
573-89 239 573-12 PEP I nee A, etal BP ee ean 573-37 242 
573-68 234 572-91 BOM & chic Sees | 5 ee eee 573-23 238 
573-44 228 572-67 OOO). <b 2 RS 28s 7 Seana 572-97 230 
573-21 223 572-44 DAG A) 3 ch: v Bee | Aa a eee 572-71 222 
572-80 214 572-03 DOSIR. .k< BONE C12 oe ae 572-38 206 
572-85 215 572-08 OSV 2x DES. . || sels eee 572-25 218 
572-62 210 571-86 QO Cs Halas honky ©: | hee eee: 572-17 183 
573-04 219 572-28 22 Wh. she SUED |, cee 572-38 192 
573-85 236 573-09 280 sch 5 cee ch eee 573-06 219 
573-87 235 573-11 PP te) PE as see (Ey ge a 573-50 234 
574-05 240 573-29 BAA .bs RES. 5 |: cee 573-46 233 
574-08 243 573-32 DEN a AON me SA I Diorok 235 
573-84 239 573-08 DOO ta]: sb > Stee. kil oa ee aoe 573-33 241 
573-52 230 572-76 DPE Oe Re eM aL 8 572-84 226 
573-29 223 572-53 TAA] |, ob 4c tela] ss Renee 572-63 220 
572-70 224 571-94 PA Op ORR Gee i ae See A 572-30 200 
572-43 212 571-67 2G) 94 sk Aik a 2'| coe 571-92 176 
572-45 216 571-69 PAU TAM Se | 2, Ae) ee pee oat 571-98 186 
572-27 211 571-52 PAU sYy (ONS Setter eds albert nacht B 572-04 177 
572-00 198 571-25 OE) hi PER als be 572-01 177 
572-10 199 571-35 LOS Tals oh. eke Vickey aes 572-00 176 
572-73 214 571-98 QO TFG. aiocAatates|s |rctors tenes) Oda a4. 193 
572-98 217 572-23 72116 Des TO ee: ci Se eR AI 572-93 214 
573-11 221 572-36 A Tal cee: [ered Se 573-00 217 
573-26 226, | 572-51 D200 El eB else. te eee 572-97 230 
573-16 223 572-41 POL Sips (ee See Se PR 572-83 226 
572-72 216 571-97 di CU) ae ee ee ee Sa 572-38 206 
572-35 212 571-60 OSG) it ts APR. | node en 571-95 176 
572-41 208 571-66 DAUR CAS Sigh BAI I a 572-22 193 
572-29 215 571-54 208 Fah cct. ROR as ||. eee 572-40 235 
572-31 211 571-57 DOO Els ences tasde | one eee 572-05 178 
572-15 206 571-41 J Uy a ee ee Oe 572-22 185 
571-99 198 571-25 LS Ps a en ied de | 0) ee 572-16 183 
572-34 206 571-60 NOD: VOL 2 4s RS: | chceetone 572-28 188 
572-52 209 571-78 203 Bel. ber Beene s|\sclneraeet ee 572-63 202 
572-95 220 572-21 7416 ol ge Ns PR Sosy ie 572-91 214 
573-15 221 572-41 ZANE boc, 2 > ER Dee Stthc cs eck 673-15 235 
572-84 219 572-10 QLD des ORO S.. | chess Dee 572-84 226 
572-45 210 671-71 AVE CU Ear, Ra IE oh 572-29 19 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Year—Month 


1889— 


1890— 


August........ 

September...... 

October......... 

November...... 

December....... 
1891— 


a a 


August e008: f: 
October...... ai 


1892— 


eee eeerree 


Getobers...75.555 


December...... 
1893— 


September...... 
October......... 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 


without regulation |Complete regulation] Partial regulation 


New Welland Canal 


system; 


assumed complete jassuming 8,500 c.f.s. 


Chicago diversion 
assumed at 8,500c.f.s. 


diversion at 
Chicago and 


system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


Other loweringsfrom|New Welland Canal|New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

Mean mean month mean month mean 

Stage |Discharge] Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) c (e) g (i) (h) 

572-03 199 571-29 LOD isn seen c lis cleo ce 571-87 176 
571-76 199 571-02 LOSI it. SAS ole Pe et 571-64 176 
572-02 206 571-28 LOO Fs ate tall aah vay ooh 571-76 176 
572-38 219 571-65 PANE SIS FR Mis oe Rese: BRIS a Se 572-29 188 
572-67 215 571-94 ZOSHid. Je. ees liste tek nee 572-82 210 
572-79 220 572-06 BEAT VI. Ad. ees lic sdee Rie ee 572-97 216 
573-28 226 572-55 IO heats lathes Meee 573-25 227 
573-62 234 572-89 BASEN heen. sil veterans 573-56 237 
573-99 242 573-26 AS eS os PU 573-78 244 
573-61 235 572-88 BOOT. se. ceeds | nad eee 573-65 251 
573-17 225 572-44 PASS gh a0e a Ae oi 573-01 231 
572-98 217 572-25 PUN sy ee rane i Ue AT a 572-53 217 
572-79 216 572-06 at) a Fe a 9 gS Pa Me 572-25 195 
572-76 221 5/2-03 QUOWE eevee slide Rees: 5.2-28 198 
572-53 215 571-80 DOS ae ENS rel ac: Set ee 572-28 222 
572-31 209 571-59 QOSEI od. 5 Fhe oleh 571-96 176 
572-29 206 571-57 a U0 9 i? ii el teas 8 a ae 572-12 180 
572-75 210 572-03 QOAUN haha Gs} da oes 572-48 195 
572-62 212 571-90 CALE: Sie ae 6 We et 572-75 206 
572-44 207 571-72 SOUT 4. Dee a Bees 572-58 200 
572-58 207 571-86 DOOR cas MTS cet aes 572-53 198 
572-48 211 571-76 QOSOA. fase ol cath cates 572-51 217 
572-21 205 571-49 TOSTV ho Gel oc lctds. Meee 572-13 186 
572-03 201 571-31 = E11 9 A) ee) Us BS 2 571-95 176 
571-65 193 570-93 AS60785. cs le clos. Ms ee 571-76 176 
§71-21 191 570-49 ASSO eh. eS. ols aes oa 571-39 176 
571-28 192 570-56 TSB yey see, acetate ae 571-23 176 
571-31 190 570-60 ABAD EA: SASS lls ado Moke 571-35 176 
571-10 176 570-39 FOOD hee Sool tee cee 571-30 176 
571-14 180 570-43 VTA lay RAE Coe. eee 571-16 176 
571-70 198 570-99 TOQUE te Sa e fells tke eee 571-44 176 
572-50 207 571-79 POUPR 1 OTE ae, BALES 572-24 186 
573-26 225 572-55 ZIS TV et Sel Ta Laas 573-13 222 
573-38 230 572-67 PA: GR a eS CR Pia bs 573-49 245 
573-03 222 572-32 DEB Er ed os | ieee AO ae 573-09 233 
572-71 216 572-00 PIOO UE oa. AES |e OR 572-52 217 
572-15 208 571-44 DOVE Sl. eee lca ee 571-96 176 
571-82 200 571-11 pT Le Date oe ae ee 571-69 176 
571-55 200 570-84 TQ SON Fas eee ctteu coe 571-47 176 
571-17 183 570-47 LOTUS cil eOOds «|. ats otee 571-37 176 
571-25 182 570-55 LUDO ect ae | veh: as 571-16 176 
571-47 188 570-77 IS2RE cl. pede) tase dees 571-23 176 
572-20 203 571-50 TOC TI). ese s | ates Rae 571-76 176 
573-04 219 572 +34 Pate le BOS toh Bes ee 572-71 205 
573 +23 226 572°53 BIOTA tee eke | arte clean 573-21 225 
572-95 224 572-25 SUS TA 2A. Ree ol. Pore 573-03 232 
572-61 210 571-91 SOSTG skeen ls ce |e 572-51 21/4 
572-23 205 571-53 1 oP AN Bh 2 te Gis See, 571-98 176 
571-88 203 571-18 LOGO) eel dc do eae 571-81 176 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation |Complete regulation| Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other loweringsfrom|New Welland Canal|New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of { Monthly 
Mean mean month mean month mean 
Stage |Discharge} Stage [Discharge] Stage |Discharge| Stage |Discharge 
(a) (b) (c (d) (e) ( (g) (i) (h) 
1893— 
November...... 571-48 202 570-78 SYS) 14 ei ed Ae ie ee 2 | 571-60 176 
December...... 571-56 202 570-86 TOSEV Sass Mite. S| a esr 571-60. 176 
1894— ; 
January.}.. 0... 571-84 202 571-14 196 572-20 200 571-97 176 
February... 20..0- 571-72 193 571-02 186 572-00 179 572-20 185 
March...) .:.88:9 571-75 196 571-05 190 572-16 205 §72:13 181 
Apr oe bc ee 572-15 200 571-45 193 572-51 180 572-37 191 
May i tds bee 572-54 211 571-84 205 573-30 237 572-74 206 
JUNC. +... hs eee 572-85 220 572-15 213 573 - 62 263 573-05 219 
July.. 572-73 216 572-03 210 573-62 258 573-02 231 
August..}..00:5) 572-36 206 571-66 199 573-20 210 572-52 217 
September...... 572-19 202 571-49 196 573-16 176 572-10 184 
October: }; beck 571-87 202 Sala 195 572-88 176 571-96. 176 
November...... 571-63 198 570-93 192 572-50 232 571-85 176 
December...... 571-66 195 570-86 188 572-25 224 571-82 176 
1895— ; 
JANUATY <4: 55. 571-23 192 570-53 186 572-05 212 571-75 176 
February........ 571-00 177. |. 570-30 170 571-91 178 571-65 176 
March... 4.00/29: 571-01 176 570-31 170 571-72 182 571:58 176 
April! yo ed. . Wea 571-26 180 570-56 173 571-82 176 571-68 176 
May eh ot: Sensi 571-48 187 570-78 181 571-92 176 571-87 176 
Tuve 220k. Sores 571-57 190 570-87 183 571-94 176 572-05 177 
JULY. chs Sues 571-46 190 570-76 184 571-97 176 572:05.. 177 
August. 22. DA 571-38 186 570-68 179 572-00 176 571-95. 176 
September...... 571-28 186 570-58 180 571-93 180 571-84. 176 
October.........| 570-80 182 570-10 175 571-66 176 571-64 176 
November...... 570-70 171 570-00 165 571-42 217 571-29. 176 
December...... 570-86 176 570-16 169 571-30 176 571-20 176 
1896— ‘ 
Januarya seen eee 570-96 180 570-27 174 571-27 176 571-32 176. 
February.....:.. 570-88 178 570-19 171 571-15 176 911-33 .. 176 
March.....4... 2 i 570-83 171 570-14 165 571-43 176 571-21 176 
Aprile .22)) Oa 8 571-28 181 570-59 174 571-54 176 571-32 176 
May vat aee se: 571-66 192 570-97 186 571-85 176 DMCS s, « 176 
VUNG... ee 571-93 192 571-24 185 572-15 176 Dhasloy, » 181 
SUIS ca Ree 571-81 196 571-12 190 572-09 176 572-23 194 
Aueust.. 2. eee 572-02 201 571-33 194 572-34 176 S228 <. 194 
September...... 571-70 192 571-01 186 572-23 176 572-18 191 
October.}...:... 571-46 186 570-77 179 571-82 176 571-85 176 
November......| 571-09 186 570-40 180 571-56 176 571.71. 176 
December...... 571-12 182 570-43 175 571-40 176 571-56 176 
1897— ee 
January.........} 571-09 190 570-40 184 571-43 176 571-59 176 
February........ 571-29 180 570-60 173 571-52 218 by A oy hoe 176 
March. oi. 0a2 8. 571-66 191 570-97 185 571-68 176 §72:12 180 
April 572-21 203 571-52 196 572-07 176 572-66 203 
May eee 572-54 212 571-85 206 572-55 176 573-02 217 
TUBO ees aa 572-64 212 571-95 205 572-83 185 573-10 221 
VUbYy: 3 dene 572-63 211 571-94 205 573-05 183 572-96 230 
August. : Ja; bes be 572-47 208 571-78 201 573-17 176 572-60 219 
September...... 572-19 .201 571-50 195 573-02 176 572-19 191 
October......... 571-70 191 571-01 184 572-58 187 571-83 176 
November......| 571-57 192 570-88 186 572-21 182 571-61 176 
December...... 571-54 194 570-85 187 572-10 176 571-61 176 
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|TABLE 11—EFFECT OF REGULATION—LAKE ERIE—Continued 


Year—Month 


October.!........ 


1900— 
January.j...32%; 
Rebruary;../0)..: 


1902— 
January .°....Vare: 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 


without regulation |Complete regulation 


New Welland Canal 
assumed complete 
Chicago diversion 

assumed at 8,500 c.f.s. 


system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


Partial regulation 
system; 
assuming 8,500 ¢.f.s. 
diversion at 
Chicago and 


Other lowerings from|New Welland Canal|New Welland Canal 


data compiled complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

Mean mean month mean month mean 

Stage |Discharge] Stage |Discharge] Stage |Discharge| Stage | Discharge 
(b) (c) (d) (e) (f) (g) (i) (h) 

571-59 192 570-91 186 572-00 179 571-75 176 
571-79 189 571-11 182 571-98 177 572-00 176 
572-05 198 571-37 192 572-33 188 572-30 188 
572-68 211 571-95 204 |° 572-61 218 572-78 208 
572-78 214 572-10 208 573-17 185 573-08: 220 
572-81 214 572-13 207 573-29 176 573-07 220 
572-59 210 571-91 204 573-15 176 572-84 226 
572-39 209 571-71 202 573-16 176 572-40 207 
572-01 200 571-33 194 572-95 176 572-05 177 
571-81 197 571-13 190 572: 59 176 571-88 176 
571-69 199 571-01 193 572-56 185 571-85 176 
571-52 200 570-84 193 572-22 176 571-83 176 
571-67 198 570-99 192 572-15 199 571-99 176 
571-46 188 570-78 181 572-06 195 572-07 179 
571-83 193 571-15 187 571-93 176 572-18 184 
572-13 197 571-45 190 572-63 209 572 +57 200 
572-44 203 571-76 197 572-72 176 572-79. 208 
572-56 208 571-88 201 573-30 216 572-86 212 
572-46 206 571-78 200 573-52 239 572-74 229 
572-21 198 571-53 191 573-31 230 572-32 202 
571-85 194 571-17 188 573-04 205 571-92 176 
571-61 185 570-93 178 572-93 230 571-74 176 
571-62 186 570-94 180 572-71 258 571-70 176 
571-34 196 570-66 189 572-17 202 571-60 176 
571-36 189 570-69 186 572-25 191 571-59 176 
571-57 188 570-90 184 572-52 216 571-80 176 
571-92 192 571-25 189 572-82 226 572-02 177 
572-23 200 571-56 196 573-00 231 572-49 195 
572-39 204 571-72 201 572-75 176 572 +72 205 
572-47 205 571-80 201 572-86 176 572.80 208 
572-34 206 571-67 203 572-76 176 572-68 221 
572-31 203 571-64 199 572-58 176 572-39 207 
571-99 198 571-32 195 572-80 176 572-15 188 
571-75 190 571-08 186 572-76 222 571-93 176 
571-49 193 570-82 190 572-52 233 571-79 176 
571-45 192 570-78 188 572-27 221 571-76 176 
571-35 183 570-72 181 572-20 194 571-78 176 
571-00 175 570-37 172 572-05 176 571-59 176 
570-88 171 570-25 169 571-92 182 571-29 176 
571-29 176 570-66 173 572-13 176 571-40 176 
671-31 179 570-67 177 572-59 176 571-60 176 
571-72 190 571-09 187 572-70 176 571-81 176 
571-91 194 571-28 192 572-91 176 572-21 192 
571-78 190 571-15 187 572-87 176 572-20 191 
571-71 191 571-08 189 573-00 176 572-04 178 
571-33 186 570-70 183 572-77 176 571-92 176 
571-16 183 570-53 181 572-23 177 571-71 176 
571-19 183 570-56 180 572-23 176 571-68 176 
571-08 184 570-50 182 572-26 178 571-69 176 
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TABLE 11.—EFFECT OF REGULATION—LAKE_ERIE—Continued 
Discharges in Thousand Second Feet 
Stages in Feet above Mean Sea Level 
Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 ¢.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord |assumedat8,500c.f.s, Chicago and Chicago and 
Year—Month Other lowerings from|New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage {Discharge 
(a) c (d e (f) (g) (i) (h) 
1902— 
February.,.25-400 570-63 171 570-05 168 572-19 199 571-49 176 
March... j.¢8eie 570-94 174 570-36 172 571-96 176 571-30 176 
ATI... k< Pitee 571-49 186 570-91 183 572-15 176 571-71 176 
Mix ct RE ee 571-86 191 571-28 189 572-49 176 572-26 187 
JUDG aosek in Ae 572-12 198 571-54 195 572-61 176 572-59 200 
DWV ssh 572-74 212 572-16 210 573-02 176 572-99 230 
August...) .:b8-2% 572-72 210 572-14 207 573-31 190 573-14 235 
September...... 572-38 203 571-80 201 572-94 176 572-70 221 
October......... 572-29 205 571-71 202 572-63 176 572-33 202 
November......} 572-02 200 571-44 198 572-43 202 572-21 192 
December...... 571-82 192 571-24 189 572-04 207 572-05 194 
1903— 
JANUALY an veete es 571-72 196 571-18 195 572-10 176 571-89 176 
February........ 571-70 190 571-16 188 572-44 209 572-04 177 
Mareh..iscc 8s 572-28 200 571-74 199 572-76 217 572-39 192 
ADEs Asters 573-05 215 572-51 213 573-13 208 573°15 222 
MAY cuaad cutee 573-09 215 572-55 214 573-41 204 573-48 234 
DUNE cc-cape ce ate 573-05 217 572-51 215 573-20 176 573-29 228 
July.. 572-98 218 572-44 217 573-39 195 573-11 234 
August. .;.. 50.8% 572-76 210 572-22 208 573-45 225 572-80 225 
September...... 572-59 208 572-05 207 573-20 254 572-48 214 
Qctober.). 44. 45 572-25 204 571-71 202 572-87 244 572-18 190 
November...... 571-77 197 571-23 196 572-42 219 571-91 176 
December...... 571-43 197 570-89 195 572-10 176 571-70 176 
1904— 
JORUAEY noc. caveat 571-32 176 570-83 175 572-33 202 571-69 176 
February........ 571-42 182 570-93 180 572-28 216 571-70 176 
March. lets 572-01 193 571-52 192 572-54 206 572-09 179 
ASOT evs aah 573-13 216 572-64 214 573-31 220 573-09 220 
Maycnocdu Re. ae 57333 224 572-84 223 573-68 224 573-76 242 
GUE ern. hi ee eee 573-52 230 573-03 228 573-53 245 573-79 248 
JOly 20s Oe 573-41 228 572-92 227 573-74 280 573-68 252 
August..2.. 425 573-10 221 572-61 219 573-34 243 573 +22 238 
September...... 572-84 215 572-35 214 573-13 235 572-76 245 
October.........| 572:49 210 572-00 208 572-88 176 572-18 190 
November...... 572-12 203 571-63 202 572-37 221 572-18 190 
Pe in eer 571-77 199 571-28 197 572-10 197 572-10 200 
1905— 
JANUARY .cccc0 vesiel POE sos 191 571-07 189 572-08 179 571-79 176 
February........ 571-31 180 570-86 177 572-12 232 571-73 176 
March....igs<sets 571-18 182 570-73 180 571-58 185 571-50 176 
AOI 3, « ex ete 571-83 192 571-38 189 571-98 189 571-80 176 
May... saad ee a 572-46 205 572-01 203 572-86 176 572-56 199 
JUDO} mips nee oe 572-98 218 572-53 215 573-53 220 573-16 224 
Jitlyceas dao as 573-06 225 572-61 223 573-54 271 573-34 241 
August 572-87 220 572-42 217 573-30 241 573-07 233 
September...... 572-63 215 572-18 213 573-12 240 572-69 221 
October} :. =: 572-31 211 571-86 208 572-88 239 572-31 201 
November...... 571-93 203 571-48 201 572-46 227 572-29 199 
oneaee. wabehee 571-91 206 571-46 203 572-24 221 572-07 197 
1906— : 
JONUSEYcs ees 571-94 205 571-51 204 572-33 200 572-14 181 
February........ 571-93 195 571-50 193 572-22 180 572-36 191 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen { 
without regulation | Complece regulation | Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from} New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of ; Monthly 
mean mean month mean month mean 
Stage |Discharge]| Stage |Discharge| Stage |Discharge Stage |Discharge 
(a) ( c e (f) (g) (i) 
1906— 
Marelisa. cence ter 571-71 190 571-28 189 572-42 222 572-21 185 
95 1 eden pear tregen 572-13 198 571-70 196 572-36 189 572-25 186 
May: Ree siete ones 572-40 202 571-97 201 572-85 176 572-69 204 
June 572-60 207 572-17 205 573-05 176 572-87 212 
DULY ne iar ane ota 572-64 209 572-21 208 573-33 176 572-89 228 
ANIA Ge hin eeloon 572-63 208 572-20 206 573-20 176 572-69 221 
September......} 572-35 202 571-92 201 572-95 176 572-39 206 
October? o.0- oe 572-21 202 571-78 200 572-64 176 572-12 186 
November...... 572-17 204 571-74 203 572-53 188 572-19 191 
December....... 572-42 206 571-99 204 572-40 241 572-42 237 
1907— 
Januarys tae a 572-76 218 572-34 218 572-33 208 572-44 193 
February........ 572-46 207 572-04 206 572-60 217 572-70 200 
March it oes a 572-24 201 571-82 201 572-37 215 572-43 193 
PATIL ores oltre sake 572-71 210 572-29 207 572-50 185 572-62 201 
IMB Vieseei pe nae 572-88 215 572-46 215 573-14 176 573-00 217 
FUNCT ood © ora nee 573-27 222 572-85 221 573-35 176 573-23 226 
S ALU Sater Chores 573-31 226 572-89 226 573-62 208 573-36 242 
TANI UBbse sates ae 573-03 219 572-61 218 573-38 247 573-03 232 
September...... 572-77 214 572-35 214 573-12 234 572-61 219 
October. sea 572-69 214 572-27 213 573-02 260 572-38 206 
November...... 572-41 212 571-99 212 572-67 203 572-44 211 
December....... 572-26 210 571-84 209 572-17 234 572-23 216 
1908— 
GADUALY: sass 572-57 126 572-17 7A 572-30 185 572-29 188 
MIGDTUAEVe as ne 572-19 204 571-79 204 572-71 226 572-52 198 
NEAT Ch Seer ae 572-66 208 572-26 209 572-71 201 572-58 200 
Ania aime Comet t 573-27 222 572-87 222 573-48 273 573-19 220 
CAN ceariity Biri saan 573-51 228 573-11 229 573-10 199 573-61 238 
SUNG ee ee 573-51 228 573-11 228 573-35 228 573-62 238 
UE eee el aD locee 224 572-92 225 573-48 238 573-40 241 
PANIFUS. 420 ce tte 573-14 220 572-74 220 573-41 246 573-03 232 
September...... 572-68 211 572-28. 212 573-14 176 572-60 219 
October.........| 572-31 200 571-91 200 572-67 176 572-12 185 
November...... 571-71 200 571-31 201 572-09 176 571-80 176 
December....... 571-42 196 571-02 196 570-70 176 571-57 176 
1909— 
JANUALY:d.2 eer o £71-48 186 571-14 187 501-89 217 571-63 176 
February........ 571-46 187 571-12 187 571-72 176 571-74 176 
Marchi sin sa 571-78 191 571-44 192 572-13 218 571-93 176 
Aprile ele ea 572-08 197 571-74 197 572-25 176 572-35 185 
EN eS ace. tmnt 572-90 215 572-56 216 572-77 176 573-03 218 
DUNC ae meae sete ots 573-20 220 572-86 220 573-36 195 573-56 237 
Why eee le OU 220 572-66 221 573-27 176 573-42 243 
PASI SG ae cere ae 572-80 211 572-46 211 573-08 176 572-97 230 
September..... 572-36 203 572-02 204 572-75 176 572-47 213 
October! «2 oe. 571-76 198 571-42 198 572-37 176 572-16 189 
November...... 571-61 189 571-27 190 572-18 176 571-87 176 
December....... 571-39 198 571-05 198 571-79 179 571-83 176 
191 
January 571-25 183 570-97 185 572-17 187 571-95 176 
February........ 571-16 176 570-88 177 572-20 216 571-87 176 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation | Complete regulation | Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1910— 
April. 572-08 196 571-80 197 572-48 176 572-51 197 
BY << ob « Dae 572-57 209 572-29 211 572-83 176 572-90 213 
Jane... 4. aac 572-61 208 | 572-33 209 -| 572-07 176 | 573-07 220 
AU o- Ae RR 572-40 205 572-12 207 572-93 176 572-78 225 
August.!...21.0) 972°22 199 571-94 200 572-42 176 572-35 204 
September..... 572-02 193 571.74 195 572-35 176 572-05 179 
October... i4.... 571-88 195 571-60 196 572-03 176 571-98 176 
November..... 571-46 190 571-18 192 572-00 176 571-83 176 
December...... 571-34 186 571-06 187 571-67 176 571-62 176 
1911— 
JAaNUALYi deo. s+ 571-04 180 570-79 183 571-67 176 571-47 176 
February....... 571-09 173 570-84 175 571-82 195 571-37 176 
March. .), . 40... 571-08 176 570-83 179 571-80 179 571-30 176 
April 571-61 182 571-36 -184 571-90 176 571-53 176 
May... 1... 28.48 571-88 192 571-63 195 572-19 176 571-98 176 
GUNG: cd, Te 571-94 193 571-69 195 572-28 176 572-26 187 
Suv. Ss. 4. Sa 571-75 193 571-50 196 572-08 176 572-18 190 
AUCUSE..4..+, Bie 571-61 186 571-36 188 572-13 176 572-00 176 
September..... 571-52 181 571-27 184 572-00 176 571-93 176 
October:........| 571-58 184 571-28 186 572-13 176 571-93 176 
November..... 571-13 192 570-88 195 571-87 176 571-80 176 
December...... 571-42 188 571-17 190 571-95 176 571-89 187 
1912— 
JRNUARVAe aac 6] GDUle2s 186 571-06 189 571-99 189 571-98 176 
February....... 571-08 174 570-86 176 572-05 199 571-91 176 
March... . o01..2: 571-23 174 571-01 IMA 572-05 178 571-88 176 
April 572-28 198 572-06 200 572-70 194 572-45 194 
Maye... f= 572-59 206 572-37 209 573-29 216 573-19 226 
JUNE... 40d Hk 572-66 207 572-44 209 Oars 176 573-14 222 
July $5..253 “DL2E00 205 572-34 208 573-44 176 572-97 230 
August, J... $5.42 572-49 206 572-27 208 5738-44 199 572-66 220 
September......| 572-50 206 572-28 209 573-38 273 572-55 217 
October:........| 572-15 201 571-93 203 572-97 256 572-29 205 
November..... 571-92 204 571-70 207 572-54 223 572-01 177 
December...... 571-55 201 571-33 203 572-35 226 571-98 186 
1913— 
January. eset] mDl2s2 204 572-04 208 572-58 195 572-30 188 
February....... 572-41 210 572-22 213 572-89 211 572-91 214 
March...) . a. 572-45 204 572-26 208 573-25 235 572-97 215 
Acorile 24; 2M. 43 574-08 234 573-84 237 573-72 239 573-71 241 
Mayan. ts ay 573-98 235 573-79 239 574-25 276 574-47 264 
June 573-86 233 573-67 236 573-50 281 574-20 256 
UU «on. dss Be 573-57 230 573-38 234 573-75 279 573-87 257 
Aupust..4.. 2308 573-24 219 573-05 222 573°37 246 573-34 246 
September..... 572-75 206 572-56 210° 573-08 229 572-73 222 
October........ 572-43 202 572-24 205 572-87 234 572-26 197 
November...... 572-27 205 572-08 209 572-72 256 572-36 204 
December....... 572-14 203 571-95 206 572-41 250 572-27 220 
191 
SANUATY idee cecs cscs 572-05 197 571-89 201 VERB E 212 572-10 180 
February........ 571-71 191 571-55 194 572-17 196 572-11 180 
Manchy, 4. . 2.35% 571-48 181 571-32 185 572-05 176 571-93 176 
PAT PI e505 A le Soe 572-18 197 572-02 200 572-45 176 572-24 186 


1915 


191 


1917 
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TABLE 11—EFFECT OF REGULATION—LAKE ERIE—Continued 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Year—Month 


AU OUSH hace eee 
September...... 
October see 
November...... 
December....... 


Metobert ene 
November...«.. 
December....... 
6— 


SAW OUIGtAT ame mes 
October! 2.22. 


December....... 
1 


JANUATV tee ees ea 
Hebruaryee.nn 
MMarel . 4. oe: ea 


October......... 


1918— 


PANUATV Asses oa 
Februarye......° 
March 


Actual conditions 


occurring 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 


assumed complete |assuming 8,500 c.f.s. 


Chicago diversion 
assumed at 8,500 c.f.s. 
Other lowerings from 


system; 


Complete regulation 


diversion at 
Chicago and 


New Welland Canal 


Partial regulation 
system; 


assuming 8,500 c.f.s. 


diversion at 
Chicago and 


New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) c (d) (e) (f) (g) (i) (h) 

572-90 PAW 572-74 216 573-18 201 573-17 225 
573-03 215 572-87 218 573-47 201 573-54 237 
572-82 211 572-66 215 573-27 176 573-35 241 
572-56 206 572-40 209 573-08 176 572-87 227 
572-32 201 572-16 205 572-96 176 572-46 213 
572-06 194 571-90 197 572-66 176 572-10 184 
571-47 195 571-31 199 572-28 178 571-80 176 
571-41 185 571-25 188 572-10 178 571-68 176 
571-11 176 570-98 180 571-90 194 571-61 176 
571-36 177 571-23 180 571-95 203 571-61 176 
571-41 181 571-28 185 572-06 180 571-80 176 
571-45 178 571-32 181 572-20 176 571-91 176 
571-68 185 571-55 189 572-25 176 572-07 179 
571-85 189 571-72 192 572-37 176 572-38 192 
572-04 196 571-91 200 572-48 176 572-55 217 
572-31 201 572-18 204 572-68 176 572-58 218 
572-20 199 572-07 203 572-67 176 72-47 213 
571-97 197 571-84 200 572-45 176 572-16 201 
571-45 195 571-32 199 572-18 182 571-76 176 
571-37 187 571-24 190 572-05 198 571-65 176 
571-66 198 571-56 203 572-44 212 571-89 176 
571-99 198 571-89 202 572-64 221 572-44 194 
571-87 191 571-77 196 572-86 232 572-58 200 
572-45 204 572-35 208 573-03 235 572-79 208 
572-86 214 572-76 219 573-49 243 573-29 228 
573-28 221 573-18 Papas) 573-51 243 573-65 239 
573-22 220 573-12 22D 574-10 268 573-64 249 
572-82 212 572-72 216 573-49 255 573-23 238 
572-29 205 572-19 210 573-25 240 572-60 219 
571-89 199 571-79 203 572-86 230 572-26 197 
571-67 194 571-57 199 572-65 263 572-05 179 
571-52 193 571-42 197 572-25 230 572-28 222 
571-60 190 Oileo2 196 572-20 204 572-02 177 
571-35 181 571-27 186 572-22 220 572-10 180 
571-58 187 571-50 193 572-10 223 ‘572-11 180 
572-60 204 572-52 209 572-70 229 572-88 211 
573-00 215 572-92 221 573-58 269 573-56 237 
573-58 pail 573-45 232 573-57 277 573-89 246 
573-85 236 573-77 242 573-86 283 574-17 266 
573-57 229 573-49 234 573-39 258 573-90 258 
573-27 220 573-19 D260"| to (e-e2 255 573 +53 247 
572-84 219 572-76 224 572-86 243 57315 235 
572-98 216 572-90 222 572-75 244 573-07 251 
572-56 212 572-48 27 572-30 228 572-86 246 
571-89 196 571-81 202 571-82 188 572-03 177 
571-65 187 571-57 192 571-60 198 571-79 176 
572-25 198 572-17 204 571-88 198 572-08 179 
572-26 195 572-18 200 572-35 176 572-59 ~ 200 
572+17 198 | 572-09 204 572-58 176 572-51 197 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Continued 
Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen ; 
without regulation | Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from} New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 


Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Disch 
(ce) (d) (e (f) 


(a) (b) (g) (i) (h) 
1918— 
PUNE 0 sk ME Ree 572-54 204 572-46 209 573-06 177 572-68 204 
July 572-59 207 572-51 213 573-65 190 572-97 230 
Aucust. {ey ets 572-55 205 572-47 210 573-35 176 573-01 231 
September...... 572-47 207 572-39 213 573-11 185 572-80 225 
October) ..44.00% 572-30 202 572-22 207 572-90 231 572-69 221 
November...... 572-13 206 572-05 212 572-53 238 572-65 pate 
December....... 572-19 198 572-11 203 572-44 253 572-60 240 
1919— 
January.........] 572-18 208 572-11 214 572-27 207 572-29 188 
February........ 572-21 201 572-14 206 572-45 203 572-46 195 
Marche 4c ai. bee 572-59 203 572-42 209 572-52 227 572-64 202 
Nroril )04 Atte dee 573-05 215 572-98 220 572-77 232 573-08 220 
MOY cindaa POOERS 573-68 228 573-61 234 573-43 251 573-62 239 
JUNE. vic. aD aRee 573-77 230 573-70 235 573-62 199 573-88 246 
July 573-44 225 573-37 231 573-37 223 573-67 ol 
A USt. A. peeks 573-14 221 573-07 226 573-29 176 573-14 235 
September...... 572-75 213 572-68 219 572-97 176 572-70 221 
October. o.78- era 572-47 205 572-40 210 572-61 176 572-34 203 
November...... 572-22 206 572-15 212 572-47 241 572-14 186 
December...... 571-87 198 571-80 203 572-18 187 572-08 198 
1920— 
JONUAT VAL ee ea hlsoO 180 571-23 185 572-05 185 571-62 176 
February........ 570-78 167 570-71 171 571-61 183 571-00 176 
MarehJ.che.nes 570-85 170 570-78 175 571-40 178 570-70 176 
April 571-62 183 571-55 187 571-94 208 571-10 176 
Mays che eS AeeS 572-29 197 572-22 202 572-75 176 571-98 176 
PUNE 3s iso RT 572-48 203 572-41 207 573-49 208 572-72 205 
DEV: ee 572-62 208 572-55 213 573-29 210 572-94 229 
‘Aupustal. emai 572-61 204 572-54 208 573-29 199 572-82 227 
September......| 572-38 201 572-31 206 573-12 176 572-50 216 
October......... 572-08 | 198 572-01 202 572-72 176 572-08 183 
November...... 571-93 196 571-86 201 572-57 176 572-07 183 
December......} 571-93 204 571-86 208 572-47 241 572-22 214 
1921— 
VAMUALY acces: 571-94 197 571-88 202 572-00 201 572-16 183 
February........ 571-88 192 571-82 166 571-94 187 572-29 188 
March’: i) 193 .ee 572-11 194 572-05 199 572-60 236 572-37 191 
April... heoahiee 572-79 208 572-73 212 572-60 176 572-88 212 
Mays... iidotroeee 573-08 214 573 -02 219 573-12 185 573-35 230 
VUE: cect eee 573-00 213 572-94 217 573-29 176 573-41 232 
EY see Fee 572-85 212 572-79 217 573-22 176 573-15 235 
August aun eae 572-47 204 572-41 208 572-97 176 572-67 221 
September...... 572-16 200 572-10 205 572-59 176 572-18 190 
October. ..¢2.23: 571-74 192 571-68 196 572-39 188 571-90 176 
November...... 571-79 186 571-73 191 672-41 183 571-87 176 
December...... 571-74 199 571-68 203 572-27 214 572-02 190 
1922— : 
VaNUSLY inde 571-50 189 571-45 195 571-84 21 571-96 176 
February........ 571-17 177 571-12 182 572-05 202 571-83 176 
March: Jc. Pts 571-39 177 571-34 183 572-00 176 571-76 176 
ADE: 3 .Sene 572-32 204 572-27 209 572-50 176 572-37 189 
RY 5s, bol BARES 572°74 208 572-69 214 573°35 260 573-20 225 


JUNE... hock ae 572+87 212 572-82 217 573-47 245 573 +38 231 
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TABLE 11.—EFFECT OF REGULATION—LAKE ERIE—Concluded 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 


for present regimen 


without regulation | Complete regulation 
New Welland Canal 
assumed complete |assuming 8,500 c.f.s. 


Actual conditions 
occurring 
In past as 


Chicago diversion 
given in record 


assumed at 8,500 c.f.s. 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


system; 


diversion at 
Chicago and 


Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) c (d) e (g) (i) (h) 
1922— 
Dulyetseveiens bs 46% 572-74 209 572-69 215 573-47 176 573-25 239 
FAMUSULE clot be 45) 572-50 203 572-45 208 573-33 176 572-82 226 
September......| 572-32 197 572-27 203 573-26 250 572-43 211 
October.........} 571-88 1938 571-83 198 572-83 176 572-03 178 
November...... 571-42 188 571-37 194 572-35 176 571-77 176 
December...... 571-11 180 571-06 185 571-08 183 571-54 176 
January.........| 571-16 177 571-12 182 571-79 200 571-47 176 
February........ 570-83 170 570-79 174 571-77 188 571-38 176 
March § os. te 571-00 174 570-96 179 571-73 177 571-238 176 
ADT swt ssc hee 571-49 182 571-45 186 571-95 176 571-55 176 
BY he tice 571-82 189 571-78 194 572-32 176 572-06 178 
ARTY Rann serene sr 572-00 195 571-96 199 572-46 176 572-42 193 
WEL Vises ete oer 571-99 192 571-95 197 572-42 176 572-53 217 
August..........| 571-69 188 571-65 192 572-55 176 572-16 189 
September...... 571-51 182 571-47 187 572-35 176 571-95 176 
October... a. fe 571-23 177 571-19 181 572-22 176 571-79 176 
November...... . 174 570-92 179 571-96 176 571-55 176 
December 183 571-21 187 571-87 178 571-55 176 
1924— 
January 194 571-26 201 571-95 176 571-81 176 
February 176 571-30 182 572-25 206 572-04 177 
Warchoe. eee 175 571-21 182 572-19 187 571-98 176 
April 186 571-76 192 572-41 176 572-24 186 
NERY. Ace eee 197 572-15 204 572-93 176 572-76 207 
BETO os eho tid be 200 572-29 206 573-22 176 573-03 218 
Arlee § 204 572-43 211 573-40 176 573-00 231 
August 198 572-14 204 573-37 176 572-71 222 
September . 192 571-94 199 573-11 176 572-26 197 
October. ..0. 2). 571-70 187 571-69 193 572-78 176 572-00 176 
November...... 571-06 185 571-05 192 572-29 176 571-71 176 
December...... 570-78 180 570-77 186 571-78 176 571-38 176 
1925— 
January.........| 570-62 164 570-61 170 571-67 202 571-30 176 
February........ 570-50 162 570-49 167 571-45 180 571-11 176 
DyreenChian es. ae 570-92 170 570-91 176 571-69 176 571-17 176 
PADI gids secs cacao 571-32 175 571-31 180 572-07 176 571-57 176 
INTAY. ccaete eee 571-31 178 571-30 184 572-26 176 571-81 176 
ASV feet ROA E EP 571-18 177 571-17 182 572-12 176 571-76 176 
July.. 571-12 176 571-11 182 571-97 176 571-70 176 
August.... 571-08 172 571-07 177 571-82 176 571-66 176 
September...... 570-94 170 570-93 176 571-65 176 571-58 176 
October......... 570-60 169 570-59 174 571-33 176 571-32 176 
November...... 570-45 171 570-44 177 571-01 176 571-02 176 
December...... 570-39 172 570-38 177 570-91 176 570-91 176 
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TABLE 12.—EFFECT OF REGULATIONS—LAKE ONTARIO 
Stages in Feet above Mean Sea, Level 


Discharges in Thousand Se.ond Feet 


Year—Month 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 
assumed complete 
Chicago diversion 

assumed at 8,500 c.f.s. 

Other lowerings from 


Complete regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) ) (d) (e) (f) (g) (i) (h 
1860— 
JANUATYL. 26.f0A|) (246808) |. |. Seer 246780 || 2). ecw) 4 Ges. Ls Bee Be cl bo oe a 
February........ QAGE To, 131. Ree DAG 94. 1.) Ae Re! 2 Sees «|| oR ee te | Scone 
March! 24.2% DAG, |. 1. eee 200 ||: } Seem. |. Bee |: + eH | SP a Pee Ht ice Saree 
April JAGESO" |. 5. Reet ZATBOS “|. |. sae SR |. 1 AR [4 13 RE ot enter lee 
Eh ae a, Qais03~ ||. 2 eae DATED >| 21. SE 4. BMRB AUS 12 RRR 5 Beet a opal cae Spee 
UNG: «aba epee BRE 247-57 283 247-79 Di doe): 2, ae de |. bee 247-20 266 
July 247 -82 285 248-05 PY ETE OE OES neo 247-67 297 
August.)...:6.:54] ' 24726 283 247-51 AE oS ER Ee 55 See REIS aks c 247-35 296 
Septemher......| 246-86 277 247-09 26900): 1 Aaees 2.12). eee 246-63 271 
October.........| 246-67 267 246-89 2OSERI |. EESESE. |. 4. See 246-32 274 
November...... 246-75 273 246-98 320455) PAGE. a.12 6. GR SERE 245-95 273 
ia te of. ke ie 246-73 269 246-95 200i tee) se: |). eee 245-76 279 
1861— 
Januaryi...... 246-44 244 246-65 QoORR LM Eee. |.) ARE Oe 245-55 202 
February........ 246-56 243 246-78 Boden |) Ra |): See 245-53 204 
March). ..g0..68 247-01 251 247-25 D4onA |. 1 nepeoe. |i... tenes 245-93 229 
April 247-23 285 247-47 Diea|  k. Seihes lt. eee 246-07 245 
IMI: aches RR 248-18 805 248-46 D97on |. 1 trees 2): Bee 246-85 262 
See Oe a 248-54 310 248-84 SOA 1 eee ee 2 |. ae 247-96 286 
July cece s | P248s02 309 248-61 SO Le 3% are 2 Eee eee 248 -25 327 
August..........| 248-07 302 248-35 20aea C. ear. ose eee 247-85 322 
September......| 247-60 293 247-86 DSAan|:?) ene | teen 247-41 312 
October.........| 247-81 294 248-08 dah) Ae ere te PRO 247-03 314 
November......] 247-82 292 248-09 toy Ae We ee Pe 246-88 310 
December...... 247-61 297 247-87 O88en) |b. aesicc. |: bo Ree 246-70 303 
862— 
January... /s3.004| | 247-11 259 247-35 DOOR crane cas |< 5 eee 246-45 209 
February........ 246-69 248 246-91 239mm |b. Ee. lc Eee 246-21 209 
March... 68.08 247-18 247 247-67 200m | sb. Aes |. 3. aac eee 248-38 230 
NOT... bi aah Oe 248-08 296 248 -36 2S iem| tes. | ot. eee 246-85 259 
May.. 248-88 318 249-29 LO b.. A oes |. 5 -. MCR 247-72 290 
DUDE. «dt eee eee 248 - 62 SH} 248-92 OOS | hg ee 1k. ee eee 248-19 291 
DULY. coenacc ie ctl POLO R ce 310 249-02 SOLA. ko Bowe ae. | OP eee 248-15 327 
August..........| 248-26 301 248-55 ZAR SU en ae ©) Ae ee ee oe 247-83 321 
September......| 247-61 290 247-87 Ae ae We cs ae Eee ee 247-28 305 
October..........| 247-08 279 247-32 DOr kanes.) . ae eee 246-49 286 
November...... 246-73 270 246-95 DO tems .| |. ae 245-96 274 
A a Bite 246-62 264 246-84 DOO |i). eee... |. eae ee 245-66 280 
63— 
Januaryi..<.... 246-77 247 247-00 Dao | 21) ARE. . | sk ss Ree 245-70 205 
February........ 246-83 242 247-06 Doe |. % . See oe | cb. SCRE 245-92 207 
March tg ree 246-91 245 247-14 DOO | ob cgeeees. |. L-. See 246-22 233 
April 247-63 283 247-89 Dore.) eee ka. | sk. eee 246-62 260 
IMA = 5... boc Sebo 248-03 299 248-31 OA} CE See eee) eae 247-28 276 
HUME... 4.1380. ae 248-18 301 248-46 DOD | 1 comme, 2 ook sae 247-64 278 
July.. 247-77 293 248 -06 2848 | Ee my ee AE. ee, 247-66 297 
SAIS tess sy. 4 8 wal I Sein ict) 247-56 >t aan carr ae EREN Watecer icy a cures 247-12 -284 
September...... 246-93 276 247-16 2678. Fis eta) acre ee 246-58 270 
October... cc 246-74 266 246-96 251 it eee gan.||| clan 246-27 271 
November...... 246-56 264 246-78 256% | Lc ie Pees | eon Snes 245-45 225 
December....... 246-57 ‘261 246-79 250m '| 2. | eee mee | Sc, cee ee 245-48 271 
1864— 
Janwarycs se eels 2teeoo 223 | 246-53 yA OF wees ae we ee 244-85 197 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 


Stages in Feet above Mean Sea Level 


Year—Month 


(a) 


1864— 
February........ 
March 


October) ..cks 24: 


1865— 


August.......... 
@ctoberias.m see 


1866— 
February........ 


Se i ee ed 


September...... 

October. ::2..64- 

November...... 

December....... 
1867— 


August.... 
September...... 
October......... 


1868— 
JANUarY 4... eeyde: 
February........ 
45827—12 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 


Complete regulation 
system; 


assumed complete |assuming 8,500 c.f.s. 


Chicago diversion 
assumed at 8,500 c.f.s. 


diversion at 
Chicago and 


Other lowerings from| New Welland Canal 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) (c) (e) (g) (i) (h) 

246-17 228 246-37 OAV VLA Rea bs EAE MEL SOE SOME cc 244-68 196 
246-26 242 246-46 CES Mes eri oper (Re, rane 244-68 198 
246-83 270 247-06 2G 1M ees toes all: cee ae 245-15 215 
247-82 291 248-09 DS TMA haere ST hs aa ae 246-27 243 
248-12 301 248-40 OSA che. Me SIS. stare Seabees 247-35 270 
247-80 292 248-07 QSAR che. Mees 1 tee Se 247-69 298 
247 -34 283 247-59 DT BMA obo Beets SLs dd rede tae 247-31 294 
246-81 273 247-04 AAT SR, See Sle, ee 246-67 274 
246-58 266 246-80 DO TAs chistes Spots Me 246-16 265 
246-55 268 246-77 ACOA sakes RAR oe Ys Ae ee 245-64 242 
246-65 272 246-87 DGS balck 3 SAS Rht beets Oe 245-63 279 
247-08 245 247-32 Dati 0 ae a eed ee ee ee 245-66 206 
247-23 225 247-47 DAG IAS atts. PAS Also oe eae 246-17 209 
247-38 242 247-63 BT A eS eat (a Ry ne 246-38 236 
247-46 284 247-72 Ors) 1 TR OR so aa (AR ARE 0 246-37 247 
247-62 288 247-88 DSO sch MRR SAW hte ee SR 246-53 251 
247-66 288 247-92 Das) 5 | ea: al [eee Laie Sete 246-85 254 
247-51 283 247-77 DTS BAN ects <meta eos ls: seh totes tete 247-15 270 
246-90 273 247-13 DG AW ke PII Ahi tens beets 247-04 280 
246-29 260 246-49 QD OMAN hic MURS Alls WS; BR ee 246-38 259 
246-07 mol 246-26 DABS E eae ot oie a ae deed 245-87 246 
245-82 246 245-99 DES Bleck s hatin ois |svebko See a 245-50 230 
245-66 244 245-84 DSG a ilbeste nc atl sess 60 ok 245-19 227 
245-46 205 245-60 POM ty. AERA a 244-93 198 
245-47 200 245-61 TRO Lo 2 Ce Rc. aan (ee Sa 244-74 196 
245-48 214 245 -62 DOS sie 3 ABRs Sha eaten ae 244-58 196 
245-96 251 246-15 VANES) | Ine ES 0 AMR] (Aa SOs Pa 244-74 199 
246-02 260 246-21 DOS aks «, ARMOR IIE alles oetaly hate 245-44 210 
245-92 22 246-10 DQG « Ames ot ken soe ae 245-98 210 
246-84 274 247-07 OGG Mal Cob eae Sih oe ee 247-08 266 
246-74 270 246-96 PAV} VR Se er] INO 3 247-71 314 
246-65 265 246-87 DT Le. Pee es ee PS 247-17 299 
246-52 262 246-73 DO ANESH, 8. PURE ING OR at oP 246-59 293 
246-28 265 246-48 DO GAs stss, Sete. s [le meres ae leedne 245-92 271 
246-20 272 246-40 DESEO SEA ailbteiaetis aime 245-54 274 
245-95 238 246-14 DS Obed nck oe Ba Tlic ake ER 245-37 202 
245-92 238 246-10 OMAN So 5.5 Pee ae [le odd «. SRR 245-34 203 
246-62 246 246-84 Pa | Oe Wee es ee PA 8 245-81 227 
247-52 283 247-78 DA. ok SE oS. ERE 246-46 258 
248-21 300 248-49 DOD malt ei eee 3k aoe eee 247-36 279 
248-48 307 248-78 20 0 Sellen: he ollie Be ee 248-00 286 
248-11 298 248-36 ZOO RAN gs) eet [aera ee 248 - 20 325 
247-48 285 247-74 TMA sd Re oe 247-54 306 
246-98 272 247 -22 26S. 0.5. SR lh... 246-77 279 
246-33 256 246-53 DA Stat. b. RM oil oe gee 246-06 258 
245-59 249 245-74 ANB es RB os |o..5 6 ae 244.99 198 
244-83 234 245-12 DOM iat cease erodes acs crete 244-66 195 
244-51 210 244-58 QO DR Se. RMS alls okt chet 244.42 194 
244-61 184 244-69 7 OME: os SR obs An a IS 244-39 194 
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TABLE 12.-EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
without regulation | Complete regulation} Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1868— 
March: :4), (ous 244-88 210 244.97 PAU IR et 2 Sa EE Sa, 3A 244-43 196 
April 245-52 246 245-66 Da TPN. hi Pees, «1042 bx. eee 244-88 201 
IMERY «nobis Ate 246-12 251 246-31 Vd 0 Se ea eel I Aer cits. dd 245-66 222 
JUNE), Hs tes hee 246-54 267 246-75 OA atin) et Nee se SN I ace 246-40 231 
July.. 246-42 264 246-63 DOGMA coe scckleetns cl sone eereees 247-07 266 
AUGUST. 10h. ie 246-13 258 246-31 DA OIA cB ws cad | aca bie ater here 247-04 280 
September......| 245-94 252 246-12 AA ke, 2 Se ame te 246-64 272 
October... s30.04|) 4245-35 243 245-48 JAG I Ie A SO PARP) Ae aE 245-78 238 
November...... 245-20 237 245-31 Pp eNOS a gage De ean a ty 245-20 201 
Seas Ses 245-37 244 245-50 ORNS gd PR RN lc SEN age so cles A 245-39 258 
69 
January.........| 245-22 217 245-33 208 245-98 206 245-06 199 
February...’..... 245-34 197 245-45 188 245-97 206 245-07 199 
March'.8. J). 245-56 196 245-71 188 246-13 213 245-06 199 
April 246-09 259 246-28 251 246-27 200 245-07 211 
May oo cab). beta 246-75 276 246-98 268 247-42 236 246-07 237 
JUNE. 650455 246-97 282 247-21 273 247-80 300 246-88 256 
July.. 247 «29 288 247-54 280 247-89 330 247-45 286 
August. 4..scce| 240635 288 247-60 280 248-09 330 247-77 318 
September......| 247-17 284 247-41 275 247-72 824 247-54 318 
October.........} 247-08 280 247-32 271 247 «33 310 247-00 305 
November...... 246-68 272 246-90 264 246-82 297 246-29 286 
Ne aan Aetna? 248 -85 267 247-08 259 246-44 296 245-63 278 
January.........| 247-26 258 247-51 249 246-60 213 245-59 206 
February........ 247-41 258 247-66 249 247-01 215 246-22 210 
March} ..je.e 247-41 253 247 -66 244 247-20 252 246-72 241 
PATIL, .. soutien 248-35 304 248-64 295 247-67 291 247-21 277 
Mays iii eee 248-95 318 249.27 310 248-57 300 248 -06 300 
JUNE. ook Re 248-63 313 248-93 305 248-57 300 248-35 296 
July.. j 248-31 309 248-60 301 248-25 330 248-18 323 
August..........| 247-97 296 248 - 25 288 248-31 325 247-74 316 
September...... 247-28 282 247 -53 274 247-47 37 246-96 289 
October.:........] 246-95 276 247-19 268 247-17 307 246-37 278 
November...... 246-38 265 246-59 256 246-76 293 245-82 261 
Neat siSlaheacake 246-13 260 246-32 251 246-26 287 245-12 217 
January.'........| 246-06 231 246-25 222 246-20 208 245-33 201 
February........ 245-89 227 246-07 219 246-30 200 245-19 200 
March : 1... 246-09 243 246-28 234 246-92 244 245-23 202 
April ...| 246-67 270 246-89 261 246-93 280 245-71 233 
May .622 he ae 247-12 278 247-36 269 247-31 283 246-45 249 
DUNE... 26. 247-06 278 247 -30 270 247-58 266 246-90 257 
July.. 246-91 275 247-14 266 247-64 278 246-98 262 
Atigust. boston cee 246-46 265 246-69 257 247-56 297 246-90 274 
September......} 246-12 257 246-31 249 247-11 218 246-42 261 
October.:........] 245-62 249 245-77 241 246-65 209 245-84 242 
November......| 245-21 235 245-32 227 246-35 212 245-13 199 
Lael 3 be ae 244-90 227 244-99 218 245-99 200 244-93 198 
1872— 
January 244-73 190 244-81 182 245-90 200 244-86 196 
Mebruary. ss ee 244-51 174 244-58 166 245-42 200 244-43 192 
March. .:. 48.88 244-35 189 244-42 180 245-13 200 243-95 191 


St. Lawrence Waterway Project 


179 


TABLE (2.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 


Stages in Feet above Mean Sea Level 


Year—Month 


September...... 

October... 62.00 

November...... 

December....... 
1873— 


October......... 


1874— 


AUgUSt At. Shee 
September...... 
October! 63:0 
November...... 
December....... 


‘August. ?..25-0e 
September...... 
October}: as 
November...... 
December....... 
76— 


April 
45827—124 


ary 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation | Complete regulation 
New Welland Canal system; 
assumed complete jassuming 8,500 c.f.s. 
Chicago diversion diversion at diversion at 
assumed at 8,500 c.f.s. Chicago and Chicago and 
Other lowerings from| New Welland Canal} New Welland Canal 


Partial regulation 
system; 
assuming 8,500 c.f.s. 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge Stage |Discharge 
(b) (c) (d) (e) (f) (g) (i) (h) 

244-84 222 244.93 214 245-17 200 244-04 193 
244-96 234 245-06 225 245-65 200 244-58 197 
245-29 241 245-41 232 246-01 200 245-02 200 
245-35 242 245-48 234 246-36 200 245-37 202 
245-19 237 245-30 239 246-49 200 245-56 206 
244-90 232 244-99 224 246-50 200 245-60 219 
244-74 227 244.82 218 246-40 200 245-26 205 
244-69 228 244-77 220 246-38 234 245-19 200 
244-35 211 244-42 202 245-96 200 245-18 226 
244-26 192 244-32 183 245-80 200 244-72 196 
244-37 194 244-44 185 245-65 200 244-61 195 
244-50 200 244-57 192 245-51 200 244-62 199 
246-40 254 246-61 246 246-55 264 245-59 231 
246-96 273 247-20 264 247-25 300 246-69 257 
246-91 275 247-10 267 247-16 236 246-99 261 
246-87 273 247-10 265 247-57 257 247-13 269 
246-58 266 246-80 258 247-58 313 247-15 286 
246-15 260 246-35 251 247-21 290 246-62 271 
245-73 249 245-89 241 246-50 251 246-05 257 
245 - 62 246 245-77 237 246-39 291 245-35 215 
245-79 251 245-96 243 246-33 292 245-40 259 
246-37 238 246-58 229 246-45 212 245-77 207 
246-74 239 246-96 231 246-99 216 246-34 213 
247-29 261 247-54 252 247-48 254 247-03 247 
247-20 279 247-44 270 247-72 284 247-32 202 
247-17 YB) 247-41 265 247-31 200 247 -20 274 
247-28 284 247-53 275 247-68 215 247-15 265 
247 -22 282 247-46 274 248-00 321 247-36 281 
246-97 276 247-21 268 247-65 317 247-28 293 
246-34 262 246-54 254 247-05 262 246-64 272 
245-93 255 246-11 246 246-60 226 245-96 251 
245-40 245 245-53 237 246-39 240 245-14 199 
245-03 236 245-13 227 246-05 205 244-99 198 
244-72 203 245-00 195 245-96 200 244-91 196 
244-38 177 244-45 168 245-92 200 244-52 194 
244-65 197 244-73 188 245-71 200 244-12 194 
245-41 238 245-54 230 246-39 200 244-55 198 
245-70 250 245-86 242 246-70 201 245-33 205 
245 -87 253 246-05 244 247-55 204 245-69 206 
245-93 255 246-11 246 247-75 230 246-17 220 
245-75 250 245-92 242 247-65 285 246-65 261 
245-55 242 245-70 234 247-10 293 246-41 261 
245-27 238 245-39 229 246-60 235 245-94 294 
245-10 233 245-20 224 246-04 264 245-47 226 
244-90 229 244-99 220 246-05 281 245-09 211 
245-29 Pall 245-41 209 246-05 210 245-73 206 
245-97 226 246-10 217 246-85 214 246-10 209 
246-52 240 246-73 232 247-11 249 246-64 239 
247-50 286 247-76 278 247-45 287 247-29 278 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 


Year—Month 


August.......... 
October. ..0)2.1. 
November...... 


December...... 
1877— 


October......... 


1878— 
JANUSTY Sco sae 


August.......... 
October......... 


1879— 


October....... 4 
November...... 


December...... 
1880— 


Stages in Feet above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record |assumed at8,500c.f.s. Chicago and Chicago and 
Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 


Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) (c) (d) (e) (f) (h) 


(g) (i) 

248-07 298 248-35 290 248-05 300 248 -20 301 
248-29 304 | 248-58 295 | 248-34 300 | 248-63 301 
248-36 305 248-65 296 248-75 330 248 -87 330 
247-91 294 248-18 286 248-39 327 248-51 330 
247-30 280 247-55 272 246-60 318 247-81 330 
246-97 277 247-21 269 247-08 806 246-95 304 
246-61 266 | 246-83 257 | 246-81 295 | 246-33 291 
246-40 265 246-61 256 246-32 287 245-93 282 

226 245-09 SALE 2.46520 Pali cie ret 245-59 203 

224 | 245-78 PATS ae a 245-17 199 

230 245-95 QO DIA od. . Petes |» de s soe 245-12 202 

262 | 246-67 Pe | ea 245-59 225 

266 | 246-75 Osu |, feb. Ja). eRe 246-12 238 

265 | 246-63 O5Gh |. . OiO.0:). 4 eae 246-36 230 

266 246-66 ZO TEA| ode Bie Talon eee 246-70 247 

259 246-40 DLW. 5.2 ee. ees hae SRA eS 246-88 272 

249 | 245-94 C4000). |. | .5. BO 246-36 258 
245-37 238 245-50 DOOR Resa bee 245-72 235 
245-25 937 | 245-37 92600. |. 88s. 531. 5, See 245-33 213 
245-38 240 245-51 PB) |e eer ee ee AE 245-44 265 
245-48 223 245-62 A So Te eee | ee 245-51 201 
245-68 220 245-84 PANDA 2° ae Oe 2) Ree A 245-60 205 
246-38 238 246-59 DS0 Ral... Were | bo eee 245-96 230 
246-64 267 246-86 DE SUM sk tss0 Wete ea| dec ne 246-37 249 
246-98 975 | 247-22 D660 |. Ue 2. th aae 246-72 258 
246-96 274 247 -20 DOGO). fcc tee ee bes Ser ee 246-99 261 
246-92 272 247-15 DOLMAN . te:, Mee els aes 247-07 266 
246-88 272 | 247-11 o6200). |. ee. | eee 247-15 287 
246-59 269 | 246-81 S600 5. UR. 2.1 See 246-81 281 
246-33 961 | 246-53 25SN). |... POG. o21.4. ere 246-31 274 
246-21 260 | 246-41 O500h. 4... S08: 5:|. 1. Bans 245-78 257 
247-00 276 247-24 26TH. Asc ee ce | dv 245-94 293 
246-80 243 247-03 Dey ase abe 2 eis] me BR 246-26 207 
246-46 245 | 246-67 ase. | S08...1, 4. Ree 245-99 206 
246-33 934 | 246-53 Co ee ae 245-84 227 
246-70 267 246-92 ZOOMS ho AR oe. 1 See 245-66 227 
246-81 272 | 247-04 Soaeg) |... 002 vi). |. Teee 246-13 238 
246-81 272 247-04 DOSES). a. oe Rone cca ee 246-44 234 
246-67 268 246-89 OD IA BR cd RP 246-76 250 
246-31 259 | 246-51 25000). 1. S88 55). 5 Sa 246-83 270 
245-91 252 | 246-09 EE aed MS 246-34 257 
245-47 242 245-61 Zook et). 1. eee ot. aoc eee 245-58 226 
245-10 934 | 245-20 genes) | Abe-1s| Lea 245-01 198 
245-11 230 245-21 OTe A. h.. Seee wel « doe eee 245-04 204 
245-30 222 | 245-42 O14. 5. BAN ial. 25 ee 245-20 201 
245-63 222 245-78 QISRa. 3.5 Maes: eke < ee ewe 245-39 203 
245-95 232 | 246-14 goakt). |. Wee. 2, eee 245-80 227 
246-15 257 246-35 DAOC | 5. eee coal oaks, a ee eae 245-97 236 
246-33 262 246-53 2540 | 2 ene ere eae 246-26 243 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 


Stages in Feet above Mean Sea Level 


Year—Month 


Octobe’: 4.. see 


1881— 


October......... 


1882— 


DULY 22. tee Seatac 
IN GAVEL RAR anion 8 
September...... 
Octoper:: fa. 


1883— 


AUZUStS sc 4h. Seer. 
October......... 


1884— 


see eee eee 


Discharges in Thousand Second Feet 


Actual conditions 
occurring 
in past as 
given in record 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 


Complete regulation 
system; 


assumed complete |assuming 8,500 c.f.s. 


Chicago diversion 
assumed at 8,500 c.f.s. 


diversion at 
Chicago and 


Other lowerings from| New Welland Canal 


data compiled by 
U.S. Lake Survey 


complete 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 
complete 


Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage |Discharge} Stage |Discharge] Stage |Discharge| Stage |Discharge 
(b) c (e) g (i) (h) 

246-53 266 246-74 2257 2 [es A eae 246-57 241 
246-52 265 246-73 JAY 3AM Gent ieee Pin ier, LAA 246-97 261 
246-09 255 246-28 a a le Wee Ah el a a aR 246-88 272 
245-74 258 245-91 AOR |, 3 5 RE Lk A 246-31 255 
245-36 239 245-48 atl Pe se) ara] oe te 245-93 249 
245-30 241 245-42 ZO | a wrceae bell Ak cae Oe 245-28 208 
245-10 229 245-19 774 Om len tae eae ona] edema ae 245-22 232 
244-73 186 244-81 LOR A RED eS ee eR 244-65 194 
244-72 195 244-80 LSGre Lee 2 Ae |e eee. 244-21 193 
245-39 218 245-52 DOOM LER Tec. Oe 244-35 196 
245-80 248 245-97 ZOOPER soe Ne eee oho ee ee 244-88 200 
245-99 252 246-18 SUM. Sa eS ee I Se ae 245-51 214 
246-20 257 246-40 DEON here Sars SEs A 246-12 217 
246-30 259 246-50 DOMES | EARLS Re dee cee hem 246-78 251 
245-98 252 246-17 DASE | We ee lee 5 ae Sa 246-90 274 
245-39 242 245-52 OME | Ai Cotte sole Ais Gee ME 246-27 253 
245-19 235 245-30 Pall Og GS Sn 3 eee Cn 3 245-70 234 
245-19 235 245-30 OR cht Wetec chee]. & sc Smet aR 245-36 216 
245-20 236 245-31 DOSE Oa se are RE ree DS 245-52 277 
245-73 229 245-89 ON ts Sees. | 08 coke Soe 245-58 205 
245-91 231 246-09 Rw VAs Seems ene sae aoe 245-95 209 
246-52 247 246-73 DOGPe Vb Ree OR IE. «ee ee 246-53 238 
246-81 269 247-04 ZONES ht: PR cot. k «Rae eee 246-99 266 
247-02 273 247-26 DEES || WR tes bo a Ce, 247-23 274 
247-55 286 247-81 PAS NR See a, ae 3 8 8 247 -52 274 
247-53 285 247-79 The ||: eee oe lo x aerate eee 247-89 308 
247-19 278 247-43 ZOOS |.s USeeee ccc Se 4 ee eee 247-55 306 
246-81 267 247-04 DOS sk a eee sahil ty sae ee 247-10 296 
246-30 255 246-50 ATOR <5 Ree oct lo coe ees 246-42 282 
245-87 245 246-05 DSi |. b). hess ese e eee 245-66 245 
245-62 246 245-77 DSi abt Se AP Ee he eae eae 245-42 262 
245-30 211 245-42 DOS || 5 bce tee &.ars'|eks Lape ae 245-00 198 
245-35 192 245-48 DG nd. A |e 244-73 196 
245-60 213 245-75 DOA | a5: Sala: 5 ate] SEs eee ee 244-54 197 
246-15 253 246-35 DAS. |ch sD. oh: RE 244-93 204 
246-79 268 247 -02 DOO {ist 5 RAR cholo 245-84 227 
247-49 284 247-75 2 Ae | ks Ror 2h ok 5 Seen 246-93 258 
248-03 293 248-33 QSAR [ik aches sb Sk eee 247-77 302 
247-84 289 248-11 DS lit | Seen sb leh cme ater. 247-98 329 
247-37 279 247-62 Oe [ok 5 ekees Lelie Cee eee. 247-45 314 
246-94 268 247-17 260M [20 AR ok oR 246-87 311 
246-69 265 246-91 Dodie |\; bic arab «6. 5il ohn Seat eam 246-06 284 
246-56 263 246-78 DOA [ahs 2 oer sh keen ey, 245-87 282 
246-51 226 246-72 DES [ck Pl, sc. [ks Be 245-71 204 
246-91 234 247-14 B25 | os FAR: oe |e 245-78 206 
247-58 248 247-84 BAS | 5.5 Keer ¢ ive | sie uctre See 246-23 233 
248-16 294 248-44 Bo0ee |'sh 5 Mechs ile aaa 246-80 264 
248-19 298 248-47 ZOO | iis cae spe lint eer eee 247-31 PAM 
248-09 293 248-37 DEES Las 3 BOR cal’ RR, 247-43 272 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Year—Month 


IAUoUSt.L eae 
October.4 15-4 


December...... 
8 


(AUGUSt ee ee 
September...... 
October......... 
November...... 
December...... 


1886— 


August.......... 
October. ..-2a8 


1887— 


1888 


August.......... 
October......... 


Actual conditions 
occurring 
in past as 


given in record 


Monthly 
mean 


St. Lawrence Waterway Project 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 


without regulation | Complete regulation 
New Welland Canal 
assumed complete |assuming 8,500 c.f.s. 
Chicago diversion 
assumed at 8,500 c.f.s. 
Other lowerings from| New Welland Canal 
data compiled by 


system; 


diversion at 
Chicago and 


U.S. Lake Survey 


Monthly 
mean 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


complete complete 
First of ; Monthly | First of | Monthly 
month mean month mean 
Discharge 
(h) 

28500). 15 eee. ule ae see ee 247-45 286 
DIOP 3 sis slide eee 247-38 298 
DAG, Bd Nae GS SIN IR IR 8 247-00 290 
TARY Ty IAG RR SP LS 246-38 278 
Ay es Un RI 245-71 250 
ENN Bie alls bis AO 245-18 226 
DAO all, Meroe carats: |fe = cakes eee 245-28 200 
DOSE. baths al bee eee 245-14 198- 
DOO. . eet. eee 244-75 198 
POSS A |e 3, ROR | ES 85 5 of 245-08 208 
Q6SNE|..k0 SRR, oss fe 245-87 230 
ZioMe | ER. le eee 246-93 258 
PUN Vien es ces SEE Go 247-45 286 
A fel PRR, bk RR AIP! y 247-54 306 
DED wet Sl he eee 247-24 302 
DG Me: kOe Al, 8. ee 246-77 305 
ZOO tc eee clit Eee 246-09 286 
POTRE 8. Goss he eee 246-21 298 
DA a al esRee: 2 OU Ane eae 246-37 211 
DATE |. 2 SOE Sl eee 246-87 215 
VASE) Deg aS, MeN De ee or 0 247-27 249 
DOOM it. cea osc hes eee 247-39 279 
2960. Poe Oe ae 247-67 289 
DOT |e. Be). ie eo eee 247-77 281 
SANS RRO Lee ne 247-61 294 
276M | at. ee lah s eee 247-18 287 
POSIT. Oe: ee eee 246-77 279 
DCO. ee hse Pee eee 246-42 282 
QOTM | aes evens obo ae 245-86 265 
ASF a RS NEN ERA ck 0 245-48 271 
DOA Lee gee | Geen Rete 245-27 202 
DEVE WA ORS 8 > GEN WY SAR AE 245-52 206 
POSS al I apie 14 See PM es 33 246-43 236 
280i [ek ORE ca) 2| Sh. eae 246-92 268 
Pte} 1il een 2h De ee 247-52 285 
Q8Sie se. Rsk ee 247-83 282 
SINE | PORE 2 oes Seb 247-70 298 
DES lian: aaee cil aes, See 247-18 287 
DOC 8. Bee sas | se ae 246-61 261 
2A and Bee oh SRA BAITS SoG GH 245-89 246 
28800 1.1) : We | eee 245-36 217 
DOSE. ae) s Ale oa lak « See 244-94 198 
205 tae ass errs oll ARycik aeene 244-81 195 
LSG:% (50:2 Be be 21 :. Pere 244-37 193 
QOOHE | Shes, PUREE S| ec eae 244-12 193 
DASE | Se. READ oc'| Se ence 244-42 197 
QAR |. RAMS) | 4. Ree 245-20 202 
2500 |. ¢ ORS See 245-85 207 
250 Oe: SES S|, Beene 246-46 234 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation 


Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete jassuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord  |assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1888— 
INU USHA. att mate 246-24 PA 246-44 Soy. al eee Sr iemece ml We Eeiae Bc, OP 246-75 266 
September...... 245-85 249 246-03 DAOGs [5 a i | de a ee 246-39 259 
October. inde. - 245-49 239 245-63 72a EI: Fin tated a Bab ERIE, Oe 245-74 235 
November...... 245-41 239 245-54 EN A ae oe, a te PR Si CO 245-08 200 
December....... 245-41 240 245-54 PS le HE Ege ag esol IA eet to Bc 245-30 244 
1889— 
January. .vs.so8- 245-62 226 245-77 PAVE Tal IR tt oteged (A Eatin ar rt 245-57 203 
ebruary i .220- 245-77 212 245-94 DOL al am) ca Pa Be Bags 245-57 202 
March +... Sh. $a 245-93 220 246-11 DB hs Ss roe at cee 245-53 215 
(April iat Bee aoe 246-17 256 246-37 DACRE | Ale wey, eb) es ee 245-58 222 
Mia yi cn len eo Rat: 246-32 258 246-52 AOR. ss ORR ta oe ek Wes 245-92 232 
JUNE. cehichece aes 246-63 267 246-85 DEOMT ess eee Wa Aas ee 246-35 229 
July ae. | | 246782 270 247-05 2a Acre hele cee [ta Ble 246-95 260 
August... dh.han- 246-57 265 246-79 DOGR 4's aes et dood Usenet 247-19 288 
September...... 246-07 253 246-26 DAARG SS. Bake en (il, Meee 246-52 266 
October.........| 245-57 239 245-72 DEORE MRR. the ha VS eae 245-68 232 
November...... 245-18 234 245-29 0) Maile a or Reg RE SVEN 1 245-02 199 
December....... 245-72 245 245-88 DEES AER tS AOA aN IE ERATE AE 245-25 237 
1890— 
January...42-hoe- 246-26 239 246-46 QBO Re Id cc oes sie panies Sete 245-48 204 
(HeDTUALy fae-d-e- 246-60 239 246-82 ZUBIN TS Ayes eS oie ei 245-92 208 
March. . Ma.an 246-97 252 247-21 AON VT RR e se | Bee ee 246-56 238 
April” 2. ohare 247-17 276 247-41 D6Sap 1) see ahaa ke oma 246-93 266 
IMA Yioccclc ROMISE 247-52 285 247-78 27TOR 6 RE SL) OR ae: 247-35 278 
TUNE. a cee eee; 428-16 295 248-44 2868s hs. PRES aioe io eee 247-92 285 
Gulyisnctecteneaee: 247-99 295 248 - 27 DSO 2's iio lace lbs sion nearer 248-27 328 
IAUNSUSt A Lhe: 247-33 280 247-58 DAFT WRIST A Peat ee AR TREO 247-58 308 
September...... 246-97 Pale 247-21 2ODRe ih ee Aas a eee 246-78 279 
October...:.2:.- 246-64 264 246-86 250Gs te. RR cae Lae ae eee 246-30 274 
November...... 246-71 265 246-93 2569) [hole cc ole ose aeees 245-76 255 
December....... 246-51 259 246-72 DBO aia S a A TO Ei (ee a 245-50 274 
1891— 
January... fe. pee. 246-19 232 246-39 224m 1h. seRae ek |b: ee eR 245-10 199 
Mebruary sncaene- 246-45 233 246-66 DOR SRO Aes dee See 245-05 201 
March; . ch) hats 246-99 247 247-23 QOORe |e ARR ie hs SR eae 245-49 213 
Jag ey 8 ARS earl ss 247-47 283 247-73 PA FE Acad) ERR ude Vee SA 246-21 246 
Mayet: awit. 247-24 279 247-48 2A Oke |. aes <font 246-70 257 
Sune.ata Maemo: 246-83 268 247-06 260M) |) AUER oes Ph eee 246-64 244 
VULyic tee eke: 246-55 266 246-77 QB Tae PERE es) Bae 246-45 234 
(AU CUBE ates om ne 246-11 255 246-30 ATH Vhs Bias eee a SP, 246-53 254 
September...... 245-68 245 245-84 D3GRV lt | Oe c8. 122. ee ee 245-83 230 
October. ences... 245-04 230 245-14 DDO BR ook AA. Oy eee 245-14 198 
November...... 244.44 222 244-51 Nes) a LA se MOR dears tee ae 244-68 195 
December....... 244-43 221 244-50 DAO ran he 2 ae oe) Re a aa 244-49 195 
1892— , 
January. 2 cope 244-51 202 244-58 TOSR ED aie viet [25 OR ee 244-60 195 
Mebruarvey..cen - 244-48 187 244-55 LISE> It ORs. olde BR ee 244-50 194 
March! .. fe ake. 244-61 190 244-69 LS 2a ho eee oe 4 kde 244-39 194 
(Aprile. fae eee 245-20 231 245-31 Q2IEE ETE pe) eR 244-61 197 
IM aisia.8.< dae eae - 245-25 234 245-37 VAG ull (AN: Aca eetevedl Reeeaeee 3 chee 8? 62 245-07 201 
UNG oie Ae ERE 245-81 247 245-98 DSS) Ta LS: ene PM keel 3,5 4 245-47 206 
Stlyiscdva Meee. 246-33 260 246-53 DOLE ek SUP oe ek kl ea 246-45 234 
August assem. 246-25 255 246-45 DAG IES ER 8... TR BES 247-17 287 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 
Computed conditions 
for present regimen 
j without regulation | Complete regulation | Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete jassuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from| New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge] Stage |Discharge 
(a) (b) (c) (e) (g) (i) (h) 
1892— 
September...... 246-04 254 246-23 DAG | obese et em ca ore |'s oe Seer 246-75 278 
October.es. 245-60 242 245-75 AN Lh Rs wail she ee 246-10 260 
November...... 245-32 236 245-44 D2 | tec Maiteles clk eee oe 245-09 199 
December....... 245-20 232 245-31 DOAN A, Meares alte eee eee 244-99 198 
VANUAIN eee es 244-87 201 244-96 hp HUIS Pee PRO, Sine vioca & lows 244-87 196 
February........ 244-77 183 244-86 17S i 2 eee A ee 244-57 194 
Marchit. ae. nee 245-25 199 245-37 OO Nil. F. eke sc: sb eee 244-50 196 
Aprile). tee 245-99 249 246-18 DAOIE | 1, Sreck', cal toate atom 244-96 208 
May citer 247-13 275 247-37 7431s) i ee Pn Pe eA Ee 246-05 236 
JUNC.5 25 247-37 282 247-62 Pa Ie ges APSE SS Gh circ 247-04 262 
DULY. sh.che ee 247-11 277 247 +35 268%. || Ayo Abtes ois «lo ee ee 247-20 273 
AUgUSt.. Baer 246-57 262 246-79 DOTS | toate hels « «.|.Aceeetes 246-91 274 
September...... 246-31 259 246-51 2505 || te esc... tie ne 246-41 262 
@ctober..feee. 245-78 247 245-95 230. | 4u.3 eels. fil de, eee 245-60 227 
November...... 245-37 238 245-50 280% | dics Bence, on Le ne 245-00 198 
December....... 245-23 233 245-34 DLO || 1s Paretote.ce|ll dnote. 244-89 198 
1894— 
JANUATY g-cotee 245-56 218 245-71 209 245-99 208 245-06 199 
Hebruarynseee- 245-75 197 245-92 188 246-28 209 245-18 200 
March... 58:80 246-05 230 246-24 222 246-16 219 245-23 202 
April 246-10 251 246-29 243 246-51 200 245-54 220 
May isd. titres. 246-27 256 246-47 248 246-98 231 245-88 230 
DUNG..7.b ssa 246-80 269 247-03 260 247-96 300 246-47 235 
Wily ike gee 246-60 263 246-82 255 248-08 330 246-99 262 
August! o.bnstee. 246-03 250 246-22 241 247-32 233 246-77 266 
September...... 245-51 240 245-65 232 247-00 200 246-11 245 
October s2i 345: 245-26 234 245-38 225 246-75 218 245-39 213 
November...... 244-95 229 245-05 220 246-34 265 245-03 198 
: December....... 244-57 220 244-61 211 245-95 227 244-77 196 
895— 
PANUAT Vans 244-50 196 244-57 187 245-94 200 244-60 194 
February........ 244-44 178 244-51 170 246-09 200 244-32 192 
March 12) aihree a. 244-33 181 244-39 172 245-72 200 244-03 191 
April. Les! 244-87 224 244-96 215 245-73 200 244-09 194 
NEB. idle Sect es 245-00 229 245-10 220 246-27 200 244-71 197 
JUNE;,. ceases 244-89 226 244-98 218 246-47 200 244-93 199 
OLY)... Ree oe 244-59 220 244-77 211 246-39 200 244-89 196 
PAUGUStL...cricite: 244-35 PAVE 244.42 108 246-18 200 244-73 195 
September...... 244-00 208 244-05 200 245-81 200 244-43 193 
October...:...-. 243-67 200 243-70 192 245-48 200 244-12 190 
November...... 243-41 194 243-43 185 244-92 200 243-73 189 
December....... 243-43 194 243-45 185 245-30 200 243-72 190 
1896— 
Vanuarya eae eee 243-80 187 243-84 179 245-37 200 243-93 191 
February:....... 244-27 188 244-33 180 245-52 200 244-19 193 
March |. 22: 244-49 185 244-56 177 245-65 200 244-42 196 
Aprils... Seka. 245-41 233 245-54 225 246-08 200 244-88 201 
May... bs. ste: 245-43 237 245-56 229 246-88 200 245-66 222 
Tine ho ee 245-34 2a 245-46 229 247-07 200 245-59 203 
BOly oe 245-08 233 245-18 224 247-11 200 245-70 204 
August. Serer. 244-94 228 245-03 219 247-00 200 245-78 216 
September...... 244-46 216 244-53 207 246-72 200 245-49 231 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord  |assumed at8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from} New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of {Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge] Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) h) 
1896— 
®Octobers.t%: 2. 244-23 209 244-29 200 246-31 200 245-13 198 
November...... 243-97 209 244-02 200 246-06 200 244-87 197 
December....... 243-99 204 244-04 195 245-85 200 244-72 196 
NaANUATYooRy to. 243-87 187 243-91 178 245-75 200 244-66 194 
February........ 243-83 182 243-87 173 245-32 200 244-31 193 
IMATCHa kay. ne a. 244-30 193 244-36 184 245-73 200 244-29 194 
PADI heey ee 244-96 229 245-06 220 246-00 200 244-69 200 
INAaverasm eee. 245-41 239 245-54 231 246-52 200 245-58 218 
BITING Shee coe os 245-62 245 245-77 236 246-89 200 246-21 222 
atl bilan asprin aoe 245-61 242 245-76 233 247-18 200 246-69 246 
PAUSUStE Sc 245-60 242 245-75 233 247-30 yAul 246-84 270 
September...... 245-10 228 245-19 220 246-98 209 246-33 256 
October io. 244-47 215 244-54 207 246-31 200 245-26 214 
November...... 244-41 211 244-48 203 246-08 200 244-82 197 
ne come gi. Sol 244-47 215 244-54 207 246-06 207 244-76 197 
98— 
MANUAL Y conic et « 244-64 201 244-71 193 246-00 200 244-85 198 
Hebruaryanenne« 245-08 210 245-18 201 246-21 208 244-96 199 
Migr Chiaene nse. 245-48 223 245-62 214 246-30 234 245-31 204 
PDI oct eee 245-92 244 246-09 235 246-41 223 245-80 232 
NM AViset ante mee: 246-07 249 246-26 241 247-10 200 246-18 240 
UDG ee ae ee: 246-13 250 246-31 241 247-41 200 246-44 234 
July 245-85 244 246-03 236 247-42 200 246-59 241 
PRUSUStH See aoe: 245-51 237 245-65 229 247-22 200 246-48 251 
September...... 245-09 228 245-19 220 246-86 200 245-66 232 
Mctobersvacace.: 244-84 221 244-93 213 246-51 200 245-15 199 
November...... 244-88 pail 244.97 213 246-40 233 245-04 198 
«Age la velcro 244-90 224 244-99 215 246-08 215 245-02 202 
99— 
ANUATYi.0e:te ce = 244-98 205 245-08 196 245-90 200 245-01 198 
February........ 244-88 198 244.97 189 245-92 200 244-76 197 
Marchtes cn 245-14 210 245-24 201 246-01 200 244-72 198 
PX DEMGetseanmeniene: 245-69 241 245-85 232 246-30 200 245-14 210 
Ayal encia sete 245-94 247 246-12 238 247-32 210 245-92 232 
PUTO Me hia oe Ee 246-07 251 246-26 243 247-61 251 246-34 228 
RLU Sy coop once bigeye 245-92 246 246-10 238 247-68 273 246-64 244 
PAMIOUSUs cae «he « 245-46 234 245-60 226 247-40 259 246-53 254 
September...... 244.95 224 245-05 216 246-97 221 245-79 228 
October. norstcr : 244-55 215 244-63 207 246-68 255 245-04 198 
November...... 244-42 213 244-59 205 246-40 290 244.82 197 
December....... 244-36 215 244-43 207 246-22 247 244-78 197 
1900— 
RRATIUIENT W's arte eas 244-63 er LOS 244-71 193 245-96 200 244.83 198 
Re brualyaes dee: 244-88 199 244.97 194 246-12 207 244-86 198 
Wianehit. tanner « 245-19 204 245-30 198 246-62 242 244.98 199 
PX PEA esc vexss 2 245-80 242 245-97 236 246-90 253 245-18 210 
NA Verhoef < 245-99 248 246-18 242 247-52 227 245-90 231 
REUNION oe tale Feegers 245-91 249 246-09 243 247 -43 200 246-11 217 
ANT Se Same cee 245-82 247 245-99 242 247 -57 200 246-43 233 
PAU CUSG? sacs ctecr.- 245-54 240 245-68 234 247-53 228 246-59 258 


September......| 245-12 232 245-22 227 247-00 209 246-06 242 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation | Partial regulation 
Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
giveninrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from|New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of {Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(a) (b) (c) (d) (e), (f) (g) (i) (h) 
1900— 
October.nag seen 244.72 223 244-80 218 246-60 247 245-37 212 
November...... 244-55 219 244-63 213 246-38 268 245-01 198 
December....... 244-84 226 224-93 220 246-26 281 245-05 206 
1901— 
January.........| 244-68 205 244-78 200 245-98 206 245-13 199 
Bebruary 1.54. 244-62 200 244-72 196 245 -95 200 244-98 198 
March: terrain 244-39 198 244.48 193 245-78 200 244-83 199 
ADMlc4 2 der gaan L2eoe0o 237 245-80 233 246-38 200 245-36 219 
IM Viele fs tae 245-91 246 246-11 242 247-58 268 246-32 245 
JUNC sess see | oOo 249 246-20 245 247-40 210 246-45 234 
JU lyine 2 tee ven Meee ae ae 244 245-92 239 247-91 209 246-35 229 
AUGUStL.. ae. s. | | 240242 237 245-57 233 247-50 226 246-21 238 
September...... 245-10 231 245-22 227 247-10 200 245-84 230 
October.........| 244-65 223 244-83 219 246-57 207 245-28 206 
November...... 244-28 213 244-36 208 246-20 200 244.92 198 
December...... 244-36 216 244-45 212 246-10 212, 244-85 198 
1902— 
January naar 244-42 197 244-54 193 246-10 200 245-02 198 
February....... 244-30 177 244-41 172 245-91 200 244-85 198 
Mancht ies 3a 244-95 208 245-10 204 246-21 200 244-88 200 
ADE eh eer aes! betes. 237 245-58 232 246-88 255 245-54 220 
Maine adcc as thar 245-47 240 245-66 235 246-75 200 245-87 230 
JUMEs\. hod doh oe 245-55 242 245-75 238 247-09 200 245-98 210 
aby cre sh st een 245-97 250 246-21 245 247-57 212 246-438 243 
ANIGUSU .. aavueeaene 246-11 251 246-35 247 247-81 297 247-18 287 
September...... 245-66 244 245-87 239 246-80 209 246-84 282 
October tne. a2 245 -42 237 245-60 233 246-51 206 246-20 267 
November...... 245-05 230 245-20 226 246-22 223 245-46 226 
December...... 244-89 225 245-03 221 246-00 219 245-08 210 
1903— 
January.........| 244-92 209 245-08 205 246-16 200 245-19 200 
Hebrilaty wy .n se: 245-16 207 245-34 204 246-17 210 245-17 201 
Wianclidne ace. eae 245-75 225) 245-91 222 246-72 246 245-47 212 
wANOIAlls, bt Ash ener 246-44 258 246-55 254 247 -32 282 246-16 246 
MCAS EA de aeuae ase 246-56 261 246-62 257. 247 «28 235 246-78 260 
PUM Crore) ciercistetars ee 246-44 257 246-45 254 247-48 200 247-01 262 
ACU RRS Secs ane af REG 260 246-55 257 247-67 227 247-09 266 
AUSUSt: «emormere 246-35 256 246-26 208 247-71 304 247-17 287 
September...... 246-07 251 245-98 248 247-02 303 246-68 274 
Octobensanceccn 245-72 240 245-53 236 246-75 292 246-26 271 
November...... 245-36 227 245-12 224 246-20 234 245-29 209 . 
December...... 245-11 220 244-82 216 246-07 200 244-93 197 
1904— 
January. acne 244-72 192 244-41 188 245-72 200 244-61 195 
February oa. oaae- 245-00 196 244-69 192 245-83 ° 207 244-47 196 
March ise anh: 245-63 207 245 -32 203 246-50 245 244-80 201 
ADEM. «ace omen Lace UO, 255 246-69 251 247-25 286 245-65 235 
Man ced aera 247-61 270 247-30 266 247-90 300 246-87 263 
UNG ae. -Le eee 247-87 DHT 247-56 273 247-94 300 247-56 275 
OY cs hs. ee eee |b oes Oo 279 247 +58 275 247-91 330 247-84 306 
August..........| 247-64 PES 247 -33 Dial 247-77 Sly 247-65 312 
September......| 247-25 266 246-94 262 247-17 296 247-04 293 


Octobersac.. a: 246-87 257 246-56 253 246-60 217 246-64 296 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Year—Month 


(a) 


1904— 


November...... 
December...... 


September...... 
Octobers. <n. 60s 
November...... 
December...... 


1906— 


September...... 
October. 25... 
November...... 
December...... 


1907— 


1908 


Januaryy dete 
February........ 
March.) . 132:.7.6 


August.......... 
October......... 


(AN GUSCS | ee eae. 
September...... 
Octoders.. sass 
November...... 
December...... 


Discharges in Thousand Second Feet 


: 


187 


Actual conditions 


occurring 
in past as 
given in record 


Monthly 
mean 


Stage [Discharge 
(b) (c) 


246-36 245 
245-81 223 
245-79 198 
245-49 205 
245-29 199 
246-13 242 
246-25 244 
246-59 251 
246-98 260 
246-90 259 
246-75 256 
246-45 250 
246-07 243 
245-88 237 
246-13 229 
246-10 221 
245-91 218 
246-25 243 
246-36 247 
246-41 249 
246-58 252 
246-27 245 
245-81 236 
245-52 233 
245-59 231 
245-71 229 
246-34 212 
246-47 218 
246-47 224 
246-86 256 
247-09 262 
247-12 263 
247-12 265 
246-90 260 
246-50 251 
246-40 249 
246-33 247 
246-33 247 
246-73 221 
246-99 218 
247 «39 223 
248 -02 281 
248-46 292 
248 - 62 294 
248-34 289 
247-95 279 
247-14 264 
246-44 249 
245 -92 239 
245-51 230 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 
assumed complete 
Chicago diversion 

assumed at 8,500c.f.s. 


data compiled by 
U.S. Lake Survey 


Monthly 
mean 


Complete regulation 


system; 


assuming 8,500 c.f.s. 


diversion at 
Chicago and 
Other lowerings from| New Welland Canal | New Welland Canal 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 


complete 
First of | Monthly 
month mean 
Stage |Discharge 
(f) (g) 
246-22 246 
245-83 200 
245-76 200 
245-38 200 
245-79 200 
246-12 200 
247-07 200 
247 -47 241 
247-95 330 
247-78 320 
247-14 301 
246-64 288 
246-15 247 
246-10 255 
246-07 207 
246-31 208 
246-13 227 
246-42 200 
247-08 200 
247-35 200 
247-60 206 
247-65 243 
246-83 200 
246-49 200 
246-42 246 
246-10 282 
246-21 208 
246-40 210 
246-56 238 
246-70 200 
247-34 200 
247-70 216 
247-70 229 
247-72 315 
247-00 271 
246-78 299 
246-58 277 
245-94 267 
246-12 207 
246-18 210 
246-80 242 
246-93 285 
248-00 300 
247-80 297 
247-63 279 
247-52 303 
246-91 201 
246-40 200 
246-08 200 
245-73 200 


complete 
First of | Monthly 
month mean 
Stage |Discharge 
(i) (h) 
245-44 223 
244-95 198 
244-94 197 
244-57 194 
244-35 194 
244-63 199 
245-42 210 
245-99 210 
246-89 257 
247-47 292 
246-89 285 
246-36 278 
245-52 231 
245-31 246 
245-07 199 
245-20 200 
245 -25 201 
245-44 217 
245-85 227 
246-14 218 
246-62 242 
246-85 270 
246-26 257 
245-64 229 
245-34 214 
245-47 270 
245-68 204 
245-79 205 
245-81 227 
245-84 234 
246-24 242 
246-61 242 
246-89 257 
247-02 279 
246-57 269 
246-16 265 
945-71 250 
245-52 274 
245-40 202 
245-54 204 
245-88 228 
246-17 248 
247-03 268 
247-71 279 
247-90 809 
247-45 301 
246-69 274 
245-81 241 
245-05 198 
244-76 195 
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TABLE 12.-EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 


Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation | Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete | assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord |assumed at8,500c.f.s. Chicago and Ohicago and 
Year—Month Other lowerings from] New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of { Monthly | First of | Monthly 


mean mean month mean month mean 


Stage |Discharge] Stage |Discharge] Stage |Discharge Stage |Discharge 
b) (c) (d) (e) (f) (h) 


(a) ( (g) (i) 
1909— 
January 245-17 203 | 244-99 201 245-42 200 | 244-51 194 
February....... 245 +28 197 245-10 194 | 245-72 200 | 244-36 194 
March 425.0 .e.. 245-70 211 245-52 208 | 245-70 200 | 244-43 196 
April 246-18 243 246-00 240 | 246-58 200 | 244-84 203 
Moy fee eee 247-16 262 246-98 259 247-52 247 245-85 230 
Ss I SI lah och 247 +30 267 247-12 964 | 247-71 262 246-81 253 
Sully... .t. 00s 247-16 264 | 246-98 262 247-40 200 | 247-13 269 
August..........| 246-82 257 246-64 254 | 247-38 212 247-09 282 
September......| 246-28 245 246-10 242 | 247-00 207 246-52 266 
October......... 245-84 237 | 245-66 235 | 246-61 203 245-85 243 
November...... 245-35 225 245-17 222 | 246-27 200 | 245-16 199 
December...... 245-21 224 | 245-03 221 246-06 200 | 244-95 168 
1910— 
January......... 244-94 198 244-79 195 246-02 200 | 244-93 197 
February........ 245-03 188 244-88 186 | 245-90 206 | 244-69 198 
March fc. 245-75 214 | 245-60 212 | 246-52 238 | 244-93 200 
April 245-97 238 245-82 235 | 246-56 204 | 245-38 216 
Winy.|..4. ee nee 246-42 249 246-27 246 | 247-02 200 | 245-94 232 
fine (ft. we ee 246-46 250 246-31 247 247-40 200 | 246-39 230 
faly..ck eee 246-29 247 246-14 244 | 247-51 200 | 246-67 246 
‘Mogust. |. 2 8 246-05 243 245-90 241 247-48 219 246-67 262 
September...... 245-70 232 | 245-55 230 | 247-19 232 | 246-17 248 
October.........] 245-38 227 245-23 224 | 246-56 205 245-39 213 
November...... 245-15 221 245-00 218 246-25 200 | 244-99 198 
December...... 244-98 216 | 244-74 214 | 246-02 200 | 244-80 196 
1911— 
January......... 244-77 194 | 244-64 192 | 245-87 200 | 244-67 195 
February....... 244-86 191 244-73 188 245-65 200 | 244-52 194 
Maren te 244-96 197 244-83 194 | 245-80 200 | 244-51 196 
April 245-44 225 | 245-31 223 246-07 200 | 244-76 198 
PAN. a eh ore 245-60 939") 1945-47 230 | 246-52 200 | 245-28 202 
Hone.” fetes 245-66 233 245-53 231 246-80 200 | 245-50 203 
tly ss. oe eee Odaee4 232 245-41 230 | 246-80 200 | 245-69 204 
August..........] 245-19 224 | 245-06 221 246-78 200 | 245-72 214 
September...... 244-88 215 244-75 213 246-52 200 | 245-30 203 
October.........| 244-62 212 | 244-49 210 | 246-32 200 | 245-05 198 
November......| 244-50 213 244-37 210 | 246-08 200 | 244-85 197 
December...... 244-63 214 | 244-50 211 246-00 203 244-79 198 
1912— 
January...... 244-76 192 | 244-65 191 246-00 200 | 245-00 198 
February....... 244-87 181 244-76 180 | 246-00 206 | 244-87 198 
Maret. log que 245-10 189 244-99 187 | 246-08 200 | 244-79 199 
April 246-32 237 | 246-21 235 246-68 243 | 245-35 219 
ray - beers 246-82 254 | 246-71 253 247 -33 274 | 246-32 245 
June 247-34 269 247 23 267 | 247-67 234 | 247-13 264 
July 247-01 259 246-90 258 247-75 231 247-43 284 
Avgust!.. 20.0 246-66 253 246-55 252 | 247-35 233 | 247-05 281 
September...... 246-38 248 246-27 246 247-16 309 246-53 266 
October......... 246-17 244 | 246-06 243 246-90 301 246-10 260 
November...... 246-08 242 245-97 241 246-68 291 245-76 255 
December....... 246-11 244 | .246-00 242 246 - 26 286 | 245-18 226 
1913— 


January......... 246-51 232 246-42 230 246-20 209 245-38 203 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 


Stages in Feet Above Mean Sea Lei! 


Discharges in Thousand Second Feet 


Year—Month 


SAU SURG, oe «Bink 
October tse. a. 


1914— 


October... 3... 


1915— 


AUSUSt bic es nse 
September...... 
Octobern..see- os 
November...... 
December....... 


1916— 


1917 


August.......... 
October.i... 


Computed conditions 
for present regimen 
without regulation | Complete regulation 
New Welland Canal system; 
assumed complete |assuming 8,500 c.f.s. 
Chicago diversion diversion at 
assumed at8,500c.f.s. Chicago and 
Other lowerings from| New Welland Canal 


Partial regulation 
system; 
assuming 8,500 c.f.s. 
diversion at 
Chicago and 
New Welland Canal 


Actual conditions 
occurring 
in past as 
given in record 


data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 

mean mean month mean month mean 

Stage [Discharge| Stage |Discharge| Stage |Discharge| Stage |Discharge 
(b) (¢) (e (f) (g) (i) (h) 

246-75 239 246-66 238 246-61 212 245-79 206 
246-71 234 246-62 232 246-98 250 246-27 234 
247-86 273 247-77 271 247 -67 289 246-90 269 
247-97 278 247-88 277 248-06 300 247-57 286 
248 -02 281 247-93 278 248 -33 300 247-87 283 
247-83 278 247-74 277 247-92 328 247-95 311 
247-31 266 247-22 265 247-48 284 247-47 302 
246-74 253 246-65 252 246-97 264 246-73 277 
246-29 244 246-20 242 246-57 256 246-05 257 
246-06 243 245-97 241 246-40 290 245-42 222 
245-91 240 245-82 238 246-20 284 245-41 262 
245-60 214 245-53 213 245-95 200 245-04 198 
245-87 202 245-80 201 246-20 206 244-92 198 
245 -67 203 245-60 202 246-20 200 244-81 198 
246-75 250 246-68 248 246-55 200 245-18 213 
246-95 257 246-88 256 247-47 269 246-08 237 
246-91 257 246-84 255 247-21 200 246-52 238 
246-72 253 246-65 251 247-59 200 246-85 254 
246-33 246 246-26 244 247-45 206 246-84 270 
246-09 241 246-02 240 247-20 222 246-42 261 
245-59 230 245-52 229 246-60 276 245-91 248 
245-25 227 245-18 226 246-18 200 245-09 198 
244-83 216 244-76 215 245-85 200 244-77 196 
244-70 199 244-65 198 245-64 200 244-57 195 
244-99 191 244-94 190 245-85 206 244-63 196 
245-27 208 245-22 207 246-15 211 244-78 197 
245-04 222 244-99 221 246-11 200 244-80 198 
245-15 222 245-10 221 246-20 200 244-92 198 
245-12 220 245-07 219 246-32 200 245-10 200 
245-13 222 245-08 221 246-34 200 245-31 203 
245-43 228 245-38 227 246-43 200 245-88 222 
245-45 229 245-40 228 246-55 200 246-25 252 
245-17 225 245-12 224 246-44 203 245-95 250 
244-94 219 244-89 218 246-15 200 245-36 216 
244-78 213 244-73 212 245-96 204 244-91 198 
245-05 205 245-02 204 246-21 209 244.94 198 
245-41 204 245-38 203 246-50 211 244-95 198 
245-46 201 245-43 200 246-79 245 245-08 201 
246-40 246 246-37 245 247-13 284 245-58 230 
247-13 262 247-10 262 247-80 300 246-58 253 
247-86 276 247-83 275 248-31 300 247-49 274 
247-93 278 247-90 277 248-60 330 248-05 317 
247-36 267 247-33 266 248-21 323 247-60 309 
246-69 254 246-66 253 247-36 289 246-70 275 
246-06 241 246-03 240 246-60 242 245-85 243 
245-65 231 245-62 230 246-28 258 245-11 198 
245-37 224 245-34 223 246-35 264 244-88 199 
245-26 204 245-25 203 246-01 200 245-27 199 
245-08 205 245-07 205 246-05 207 244-97 198 
245-17 207 245-16 207 246-35 240 244-89 200 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Continued 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation | Complete regulation] Partial regulation 


Actual conditions | New Welland Canal system; system; 
occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
given inrecord  |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from|New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month mean month mean 
Stage |Discharge| Stage |Discharge] Stage |Discharge Stage |Discharge 
(a) b (c) (d) (e) (f) (g (i) (h) 
1917— " 
ADEA he 246-24 243 246-23 242 246-90 280 245-40 221 
WER Veen oh 246-51 246 246-50 245 247-33 300 246-35 246 
JUNC... kes 246-98 258 246-97 257 247-60 300 246-89 257 
CLLVE Age ee ees jah 247-46 269 247-45 268 248-08 330 247-52 289 
IAPS: oan 247-35 269 247-34 268 248-01 323 247-75 317 
September......| 246-93 258 246-92 258 247-35 308 247-17 299 
October. ...2355% 246-68 254 246-67 253 246-75 283 246-57 291 
November...... 246-69 251 246-68 250 246-45 288 246-09 286 
December....... 246-45 246 246-44 245 246-16 271 245-89 279 
1918— 
January sees ote 246-07 217 246-08 216 245-65 200 245-50 201 
February........ 245-98 212 245-99 211 245-45 200 245-14 201 
Marchi ds. eis 246-61 228 246-62 22 245-88 209 245-31 204 
Aprilaetct eee) ate ne 259 247-18 258 246-64 223 245-88 236 
May cites. tee 247-13 261 247-14 260 247-02 200 246-41 248 
Janes .b.useeee 247-01 260 247 -02 259 247-35 200 246-42 233 
Silysk kee ee 246-85 258 246-86 257 247-57 213 246-55 239 
Auristsh cores 246-43 249 246-44 248 247-42 219 246-69 262 
September...... 246-20 244 246-21 243 247-15 230 246-45 262 
October.........] 246-00 238 246-01 | 237 246-70 274 246-10 260 
November...... 246-00 240 246-01 239 246-44 287 245-90 268 
December....... 245-89 236 245-90 235 246-13 284 245-68 279 
1919— 
January fee feces 246-09 226 246-10 225 246-14 208 245-61 203 
February........ 245-91 222 245-92 221 246-32 209 245-58 203 
Marchitascss. 3. 246-01 226 246-02 225 246-35 235 245-59 218 
‘Aprils... tees) 24043 252 246-44 251 246-71 240 245-86 238 
INT Ry tat ae Pe 247-27 269 247-28 268 247-62 300 246-62 254 
PUNO dacetoe ee waren 279 247-96 278 248 - 20 300 247-62 AL, 
ulyae... beeen eee 247-75 215 247-76 274 247-90 200 248 -00 314 
AUgust.t..c8 cee) i24l-30 267 247-34 266 247-60 225 247-43 300 
September...... 246-86 256 246-87 255 247-03 207 246-67 274 
October......... 246-35 246 246-36 246 246-60 200 245-94 249 
November...... 246-11 241 246-12 240 246-36 273 245-45 225 
December....... 245-74 236 245-75 235 246-00 200 245-00 198 
1920— 
January heceulye 245-31 201 245-32 201 245-81 200 244-97 196 
February........ 245-01 192 245-02 192 245-45 200 244-47 194 
March. 0) “case. : 245-05 197 245-06 197 245-38 200 244-35 194 
Atpril) £.. eee) (245255 232 245-56 232 245-61 200 244-64 198 
MAY 27 so eR ere 245-60 231 245-61 231 246-50 200 245-18 200 
JMMer Db see eS 245-56 230 245-57 230 246-58 200 245-24 202 
Ub YAr. bn cbeee eee 245-70 234 245-71 234 246-99 200 245-59 238 
August... ..22 2 245-62 231 245-63 231 247-40 235 246-16 236 
September...... 245-47 229 245-48 229 247-10 219 246-20 250 
October...2. 253 245-29 226 245-30 226 246-68 217 245-89 246 
November...... 245-23 220 245-24 220 246-32 218 245 - 28 208 
December....... 245-40 227 245-41 227 246-08 282 245-24 234 
1921— 
JANUATY . 2255 sees 245-54 215 245-55 215 245-96 206 245-36 201 
February... 244: 245-46 210 245-47 210 246-11 202 245-31 202 
Mareh to. 2... 245-79 ~ 222 245-80 222 246-10 237 245-38 207 
April..4..55...-| :246°38 247 246-39 247 246-83 233 245-93 230 
May... $:.48.5= 246-68 253 246-69 253 247-03 200 246-46 250 
JUNO. cance ee eee 246-61 252 246-62 252 247-40 200 246-76 250 


JULY veces 246-37 247 246-38 247 247-32 200 246-77 250 
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TABLE 12.—EFFECT OF REGULATION—LAKE ONTARIO—Concluded 
Stages in Feet Above Mean Sea Level 
Discharges in Thousand Second Feet 


Computed conditions 
for present regimen 
without regulation 
New Welland Canal 


Complete regulation 
system; 


Partial regulation 


Actual conditions system; 


occurring assumed complete |assuming 8,500 c.f.s. | assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 
3 giveninrecord |assumedat8,500c.f.s. Chicago and Chicago and 
Year—Month Other lowerings from|New Welland Canal | New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 
Monthly Monthly First of | Monthly | First of | Monthly 
mean mean month . mean month mean 
Stage |Discharge| Stage |{Discharge}| Stage |Discharge] Stage |Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 
1921— 
ANI SUSt a at Marches 245-93 238 245-94 238 247-08 200 246 - 64 260 
September...... 245-43 228 245-44 228 246-68 200 246-05 242 
OCtODEI. ere ess 245-11 221 245-12 221 246-27 200 245-29 206 
November...... 244-85 210 244-86 210 246-10 200 244-92 197 
Apecen a Sehe sates 244-83 215 244-84 251 246-00 230 244-76 197 
1922— 
JANUALY 3-4 Eie sca 244-73 197 244-74 197 245-88 200° 244-76 195 
Mebruacver see. 244-70 188 244-71 188 245-97 200 244-46 194 
Marehtyis.) eis. 245-08 202 245-09 202 246-18 200 244-44 197 
TA DI: serge ee aae 246-06 244 246-07 244 246-77 235 245-06 210 
Maye ee sere 246-55 250 246-56 250 247-27 300 246-06 236 
UNC) urate es ar 246-75 253 246-76 253 247-57 282 246-72 248 
AIRE. aibiibeAmaie 246-92 258 246-93 258 247-74 221 247-13 269 
AUSUSt RE cee iarens 246-56 250 246-57 250 247-61 243 247-19 288 
September...... 246-03 239 246-04 239 246-87 270 246-50 265 
Octoberatsaceries 245-61 233 254-62 233 246-60 200 245-80 240 
November...... 245-15 220 245-16 220 246-30 200 245-04 197 
pPcenber nee ws 246-64 210 244-65 210 245-82 200 244-59 194 
1923— 
JANUALY cent eee 244-50 190 244-54 190 245-60 200 244-34 193 
February..¢:--.. 244-47 188 244-48 188 245-58 200 244-12 192 
March. sever ee 244-74 199 244-75 199 245-67 200 244-16 194 
A prileeecseiee sane 245-33 227 245-34 227 246-03 200 244-62 198 
WEA ae sna ancien 245-62 230 245-63 230 246-65 200 245-25 201 
DUDS Seater ae 245-93 236 245-94 236 247-08 200 245-72 206 
July.. 245-80 232 245-81 232 247-32 200 246-11 217 
AUSUSt tent. oii 245-41 226 245-42 226 247-21 200 246-29 242 
September...... 245-03 217 245-04 217 246-92 200 245-64 220 
Octoberteea. san 244-65 208 244-66 208 246-62 205 245-09 198 
November......} 244-34 203 244-35 203 246-25 200 244-80 197 
December....... | 244-47 206 244-48 206 246-13 200 244-74 197 
1924— 
JANUALY oe ee epee, 244-77 198 244-81 198 246-30 208 244.92 198 
Hebruagys -acsun 244-85 192 244-89 192 246-07 206 244-81 197 
Manche att: nen 244-88 196 244-92 196 246-22 200 244-71 197 
ADE ane teen 245-36 224 245-40 224 246-48 200 244-87 201 
Mayor: cic te.2ste 246-10 239 246-14 239 247-19 204 245-69 223 
JUNC: sete; Noeeine 246-27 242 246-31 242 247-70 229 246-38 230 
Jul Vike tt hss. 246-21 242 246-25 242 247-56 200 246-73 249 
ISU Sb rare ee 246-04 239 246-08 239 247-52 223 246-79 267 
September...... 245-65 230 245-69 230 247-08 219 246-38 258 
Octoperntanne- ase 245-45 225 245-49 225 246-67 200 245-71 234 
November...... 244-95 218 244-99 218 246-40 209 245-03 197 
December....... 244-58 208 244-62 208 245-90 200 244-67 194 
1925— 
JANUATY asses | tos 244-22 169 244-26 169 245-51 200 244-35 193 
Pebruary..! f. sven 244-41 176 244-45 176 245-50 200 244-13 194 
IMIG tae aes. toc 245-20 201 245-24 201 245-88 200 244-50 198 
April 245-61 226 245-65 226 246-48 219 245-15 204 
MERAY can ence et 245-65 228 245 - 69 228 246-71 200 245-55 216 
JUNGLE elds een 245-42 220 245-46 225 246-88 200 245-53 204 
JULY. peer aie 245-21 220 245-25 220 247-16 200 245-77 204 
AUZUStop ae ate ae 244-90 215 244.94 215 247-08 200 245-64 209 
September...... 244-56 207 244-60 207 246-92 207 245-38 207 
Octoberes.. 525 244-32 201 244-36 201 246-67 217 245-10 198 
November...... 244-31 205 244-35 205 246-28 203 244-92 198 
December....... 244-55 208 244-59 208 246-39 258 245-09 211 
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TABLE 13.—REG ULATION OF THE GREAT LAKES—PARTIAL LIST OF DAMAGES WHICH 
WOULD RESULT FROM HIGH WATER IN LAKES MICHIGAN AND HURON 


Stage 


— Authority 


580-6 |This sould flood some land along Main and Grand Calumet} District Engineer, U.S. Engineer 


vers. Office, Chicago, III. 


581-0 RBS this would seriously affect sewerage system, flood District Engineer, U.S. Engineer 


581-2 
581-6 


582-0 


582-1 


582-6 
583-0 


583-1 
583-5 
583-6 


583°7 


basements, flood docks of Standard Oil Co. and cause] Office, Milwaukee, Wis. 
unwarranted damage at Green Bay. 

Above this would: Seriously affect sewerage systems of District Engineer, U.S. Engineer 
Chicago and vicinity, cause excessive flooding of base-| Office, Chicago, Il. 
ments during hard rains, raise ground water level in low 
parts of city, reduce widths of bathing beaches, reduce 
clearance under bridges to the point where excessive 
number of openings would be necessary and thereby 
cause additional delay and confusion in street traffic. 

Above this would affect operation of Great Lakes Power|District Engineer, Can. Dept. 
Co. Ltd., of Sault Ste. Marie, through loss of head,} Public Works, Sault Ste. 
unless present head was maintained by raising Lake] Marie, Mich. 


Superior. 
Above this might affect sewerage system of Naval Training] District Engineer, U.S. Engineer 
Station. Office, Chicago, Ill 


U.S. Weather Bureau at Alpena state that this would cause| District Engineer, U.S. Engineer 
unwarranted damage to riparian interests in that locality.) Office, Detroit, Mich. 

This would partially submerge the jetties in the Chicago|District Engineer, U.S. Engineer 
Engineer District and endanger riparian interests during} Office, Chicago, Ill. 
storms by causing additional sliding along high banks. 

Above this would interfere with operations at docks and|Vice-President, Canadian Nat’l 
elevators of Canadian National Ry. Rys., Montreal, Que. 

Above this would interfere with operations at docks and District Engineer, Can. Dept. 
elevators of Goderich Elev. & Transit Co., Goderich. Public Works, London, Ont. 

Above this would seriously affect sewerage system of Meno-|District Engineer, U.S. Engineer 


minee. Office, Wilwaukee, Wis. 
Above this would necessitate raising draw bridges of Michigan] District Engineer, U.S. Engineer 
Central Railroad at Michigan City and Calumet. Office, Milwaukee, Wis. 


Above this would interfere with operations at majority of|District Engineer, Can. Dept. 
structures from French River to St. Marys River. They] Public Works, Sault Ste. 
are constructed to render greatest efficiency with mean} Marie, Mich. 
level of 581-0. 

U.S. States Weather Bureau at Alpena states that this would] District Be cincatt Engineer U.S. 
interfere with operations of navigation and commercial| Office, Detroit, Mich. 
interests in that locality. 

At Alpena, this would interfere with operations at wharves|District Engineer, U.S. Engineer 
of Huron Contracting Co. and cause unwarranted damage] Office, Detroit, Mich. 
to riparian interests. 

At Muskegon, this would interfere with operations at wharves] District Engineer, U.S. Engineer 


of Standard Oil Co. Office, Detroit, Mich. 

At Green Bay, this would interfere with operations at wharves) District Engineer, U.S. Engineer 
of Standard Oil Co. Office, Detroit, Mich. 

Above this might damage city parks of Evanston.......... District Engineer, U.S. Engineer 


Office, Chicago, Ill 
This would affect sewarage system and flood some basements|District Engineer, U.S. Engineer 


in Manitowoc. Office, Milwaukee, Wis. 
Above this would cause unwarranted damage at Racine....|District Engineer, U.S. Engineer 
Office, Milwaukee, Wis. 
This would cause unwarranted damage at Holland.......... District Engineer, U.S. Engineer 


Office, Milwaukee, Wis. 


This would cause some damage due to flooding of basements/City Engineer, Milwaukee, Wis. 
in downtown section of Milwaukee. 

U.S. Weather Bureau at Alpena states that this would flood] District Engineer, U.S. Engineer 
docks and do unwarranted damage in that locality. Office, Detroit, Mich. 

At Muskegon this would flood docks and do unwarranted|District Engineer, U.S. Engineer 
damage to Standard Oil Co. Office, Detroit, Mich. 

This would flood docks and cause unwarranted damage to|District Engineer, U.S. Engineer 
Huron Contracting Co., at Alpena. Office, Detroit, Mich. 

At Mackinac Island, this would: District Engineer, U.S. Engineer 


Flood docks and interfere with operations of Municipal] Office, Detroit, Mich. 
Light and Power Co. 
Cause unwarranted damage to riparian interests. 
Above this, would flood docks and cause unwarranted damage} District Engineer, U.S. Engineer 
rae interfere with operations of Huron Transportation| Office, Detroit, Mich. 
Oo. 
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TABLE 13.—REG ULATION OF THE GREAT LAKES—PARTIAL LIST OF DAMAGES WHICH 
WOULD RESULT FROM HIGH WATER IN LAKES MICHIGAN AND HURON—Coneluded 


Stage oe Authority 


585-0 |At Bay City, this would flood docks and do unwarranted] District Engineer, U.S. Engineer 
damage and interfere with operations at wharves of| Office, Detroit, Mich. 
Standard Oil Co. 

585-6 |At Rogers, this would interfere with operations at wharves| District Engineer, U.S. Engineer 


of Michigan Limestone and Chem. Co. Office, Detroit, Mich. 
Above this would flood considerable lands on lake shore|District Engineer, U.S. Engineer 
north of Chicago. Office, Chicago, Ill 
586-6 |At Rogers, this would flood docks and cause unwarranted] District Engineer, U.S. Engineer 
damage to Michigan Limestone and Chem. Co. Office, Detroit, Mich. 
587-6 |At Rogers, this would cause unwarranted damage to riparian] District Engineer, U.S. Engineer 
interests. Office, Detroit, Mich. 


TABLE 14.—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ERIE 


Stage — Authority 


571-6 |Below this would affect operation of Erie Lighting Co’s|Superintendent, Power Stations, 


Plant. Erie Lighting Co., Erie, Pa. 
571-1 |Below this would affect operation of Cleveland Elec. IIl.|Assistant to President Cleveland 
Co’s Plant. Elec. Ill. Co., Cleveland, Ohio. 
572-3 |Above this might inconvenience car ferry, Toronto, Hamilton|District Engineer, Can. Dept. 
and Buffalo Co., Port Maitland. Pub. Works, London, Ont. 
572-8 |National Tube Co., Lorain, believe levels above this would/Manager, National Tube Co., 
cause unwarranted erosion of south shore of lake. Lorain, Ohio 
572-9 |Much increase above this would affect waste water drainage|Chief Engineer, So. Buffalo Ry. 
system, So. Buffalo Ry., Lackawanna, Co., Lackawanna, N.Y. 
573-1 |Above this would seriously interfere with operation of power|Asst. to President, Cleveland 
plants, Cleveland Elec. Ill. Co. Elec. Ill. Co., Cleveland, Ohio. 
573-5 |Above this may damage property, Lake Erie Coal: Co.,/District Engineer, Can. Dept. 
Rondeau and Port Stanley. Pub. Works, London, Ont. 
574-0 |Above this would: 
Interfere with operations, Maple Leaf Milling Co., Port|District Engineer, Can. Dept. 
Colborne. Pub. Works, London, Ont. 


Delay loading and unloading of steamers and would flood|General Superintendent Pitts- 
pit of power-house Pittsburgh and Conneaut Dock Co.,| burgh and Conneaut Dock Co., 
Conneaut. Conneaut, Ohio. 
Damage works, Ohio Public Service Co., Lorain, Ohio. .|Division Manager, Ohio Public 
Service Co., Lorain, Ohio. 
574-0 |Affect drainage system, Bethlehem Steel Co., Lackawanna. . |Chief Engineer, Bethelem Steel 
o., Lackawanna, N.Y. 
Above this would interfere with operations of unloading|Vice-President, Erie R.R. Co., 


plants, Erie R.R., Cleveland. New York, N.Y. 
574-2 |Above this would flood turn-table pit, Can. Nat. Ry., Port|Chief Engineer, Central Region, 
Dover. Can. National Rys., Toronto, 


Ont. 
574-3 |Above this would halt operation of elevators, Washburn-|General Superintendent, Wash- 
Crosby Co., Buffalo. Dare Csogbey Co., Buffalo, 
oY 


574-4 |Above this might damage Larman Coal Co., Port Colborne. . District Engineer, Can. Dept 
Pub. Works, London, Ont. 
575-0 |Above this would: 


Interfere with unloading operations, Penn. R.R., Sandusky. |Superintendent, Toledo Division, 
Pennsylvania R.R., Toledo, 


Ohio. 
Interfere with unloading operations, Penn. R.R. at Buffalo,|Assistant Chief Engineer, Penn- 
Erie, Sandusky, Ashtabula and Cleveland, Ohio. sylvania R.R., Pittsburgh, Pa. 
Interfere with operations, National Tube Co., Lorain...... Manager, National Tube Co., 


Lorain, Ohio. 
Above this would cause unwarranted damage to property of|Assistant Secretary, Hammer- 
Hammerill Paper Co. mill Paper Co., Erie Pa. 
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TABLE 14.—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ERIE 


Stage —- Authority 


Buffalo. ay 
575-5 |This would flood docks, coal storage, etc., Erie Lighting Co.|/Superintendent, Power Stations, 
Erie Lighting Co., Erie, Pa. 
575-5 |Above this would: 


Stop operation of Canadian Government Elevator, Port|Superintendent, Gov’t Elevator, 
Colborne. Can. Dept. Railways and 

Canals, Port Colborne, Ont. 
576-0 ay would probably flood docks and yard, American Ship|General Superintendent, Ameri- 
Bldg. Co., Lorain. can Ship Bldg. Co., Lorain, 


575-0 |Interfere with unloading operations, Buffalo, Creek Ry., Bufialo Creek R.R., Buffalo, 


Ohio. 

576-8 |This would flood docks, East Side Iron Elev. Co., Toledo. .| District Engineer, U.S. Engineer 
Office, Detroit, Mich. 

577-0 |This would: 


Interfere with operations, East Side Iron Elev. Co., Toledo.| District Engineer, U.S. Engineer 
Flood docks and yard, Canadian National Ry. Port Dover.| Office, Detroit, Mich. 

Chief Engineer, Central Region, 

Can. National Rys., Toronto, 


Ont. 
Flood docks, U.S. Engineer Office, Toledo................. District Engineer, U.S. Engineer 
Office, Detroit, Mich. 
577-3 |This would flood dock, National Milling Co., Toledo........ District Engineer, U.S. Engineer 
Office, Detroit, Mich. 
577-5 |Considered by Pennsylvania R.R. as highest level which|Superintendent, Toledo Division, 
would be safe for Toledo Division. Pennsylvania R.R., Toledo, 
io. 
578-0 |This would fom buildings and halt operations Hammermill|Assistant Secretary, Hammer- 
Paper Co., Erie. mill Paper Co., Erie, Pa 
Above this would flood yard Ganson St. Freighthouse, Vice-President, Erie R.R. Co., 
Erie R.R., Buffalo. New York, N.Y 


578-8 |This would flood docks, Red Star Navigation Co., Cleveland.| District Engineer, U.S. Engineer 
fice, Detroit, Mich. 
579-0 |Above this would flood docks and property, Erie R.R.,|Vice-President, Erie R.R. Co., 
Buffalo. New York, N.Y. 
580:0 |Above this would: 
Cause some damage to property and overflow tracks Pawel Creek R.R., Buffalo, 


Buffalo Creek Ry., Buffalo. BY! 
Flood docks, Lehigh Valley R.R., Buffalo................. Superintendent, peel Valley 
R.R. Co., Buffalo, ¥ 
580-8 |This would flood docks, B. & O. R.R., Toledo.............. District Engineer, Wis sy Engineer 


Office, Detroit, Mich. 


TABLE 15—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO 


Stage oa Authority 


246-0 |Above this, it is believed that numerous small private docks 
and boat houses on Lake Ontario and the St. Lawrence 
River above Galop Island would be flooded and damaged. 
This would flood wharf and coal shed, A. Collier, Port Milford|District Engineer, Can. Dept. 
Public Works, Ottawa, Ont. 
247-0 |Above this, probably some docks and buildings at Clayton, 
Cape Vincent, Sackett’s Harbour, Oswego, Fairhaven, 
Sodus Point, Charlotte, Olcott, Youngstown and Lewis- 
ton would be flooded and operations interfered with at 
others. 
Above this would affect Central Island Park, Toronto. 
This would flood dock and -canning factory, Port, Milford|District Engineer, Can. Dept. 
Packing Co., Port Milford. Public Works, Ottawa, Ont. 
This would seriously affect drainage of cellars in lower section|City Engineer, Kingston. 
of Kingston. 
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TABLE 15—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO—Continued 


Stage — Authority 


247-5 |This would flood— 

Wharf and two coal sheds, Jas. Soward, Kingston; wharf] District Engineer, Can. Dept. 
and 2 coal sheds, Ault & Reynolds, Brockville; L. H.| Public Works, Ottawa, Ont. 
Dept., Can. Dept. of Marine, Prescott; wharf and ware- 

house, A. Collier, Port Milford; and wharf and siding, 

C.P.R. Co., Kingston; wharf, Mrs. Cooper at Bath; 

Farmers’ wharf, South Bay. 

Above this would damage plant of Lake Ontario Sand Co.,|Secretary, Lake Ontario Sand 

Charlotte. ree Charlotte, Rochester, 


Above this would affect LaSalle Causeway, Kingston, King-|District Engineer, Can. Dept. 
ston Dry dock, and Belleville wharf. Public Works, Ottawa, Ont. 
This would flood piers of Geo. Hall Corp. Shipyard, Ogdens-|Secretary, Geo. Hall Corp., 
burg, N.Y. Ogdensburg, N.Y. 
248-0 |Above this, probably some docks and buildings at Ogdens- 
burg, Morristown and Alexandria Bay would be flooded 
and operations interfered with at other docks. 
This would flood— 
Wharf, A. Anglin & Co., Kingston; wharf, Canadian|District Engineer, Can. Dept. 
Govt., Wellington; wharf and storehouse, A. Collier,) Public Works, Ottawa, Ont. 
Port Milford; wharf, storehouse and evaporator, factory, 
D. Wattham, Waupoos; cribwork and waterworks dock, 
City of Kingston; wharf and freight and coal sheds, J. 
Swift & Co., Kingston. 
Above this would probably flood majority of docks and 
seriously interfere with operations at N.Y. Central 
wharves at Clayton, Cape Vincent and Sacketts Harbour. 
Above this, breakwater at Sackett’s Harbour probably could 
not be used for mooring vessels. 
Above this would seriously interfere with operations at N.Y. 
Stage Barge Canal Terminals and 1,000,000 bush. elevator 
and at coal docks of N.Y.O. & W.R.R. and D.L. & W.R. 
R., at Oswego, N.Y.; coal dock of L.V.RR. at Fairhaven 
Little Sodus B; coal dock of Penn. RR. at Sodus Pt.; 
coal docks of N.Y.C.RR. at Charlotte; and docks of 
Niagara Nav. Co. on Niagara River. 
Abcve this, the lake would probably break through the low 
narrow strips of sand which have been built up between the 
shoreward ends of the breakwaters and the higher ground, 
to protect the entrances to Little Sodus and Great Sodus 
B.; and through the strip which separates Sterling Creek 
Pond from the lake. 
Thiw sould necessitate reconstructing government piers and 
breakwaters at Oswego, Little Sodus Bay, Sodus Bay, 
Charlotte and Olcott to retain their effectiveness. 
Above this, Sand Point, in Sodus Bay, with numerous sum- 
mer cottages of probably low value, would probably be 
flooded. 
Above this would probably flood state road on strip of land 
which separates Irondequoit Bay from the lake. 
Above this would probably necessitate raising fixed steel 
bridges, about 100 ft. in length, which carry N.Y.C.RR. 
and the state highway across entrance to Irondequoit 


Bay. 

Above this would probably damage numerous summer cot- 
tages and private docks in Irondequoit Bay. 

Above this would probably flood the greater parts of Summer- 
ville, Windsor Beach and Ontario Beach, with numerous 
summer cottages, at Charlotte. 

Above this would probably affect electric railway (about 8 
miles long), constructed on low strip of land across en- 
trances to numerous small bays, between Charlotte and 
Manitou Beach. 

Above this would probably flood part of beach with summer 
cottages at Olcott. 

248-5 |This would flood:— 
Dock, Hosiery Mill, Kingston; Ferry dock, Kingston;|District Engr., Can. Dept. Pub. 
Dock, Kingston Yacht Club, Can. Gov’t. wharf, Redner-| Works, Ottawa, Ont. 
ville; entrance piers, Can. Govt., Wellington; dock and 2 
coal sheds, Frontenac Str. and Coal Co., Kingston; 
freight and passenger wharf, Massagagna; wharf, elevator 
Le and coal shed, Northport; wharf, Forester Lt. 
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TABLE 15—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO—Continued 


Stage ee Authority 


249-0 |Above this, would probably flood majority of docks at 
Ogdensburg and Morristown, and seriously interfere with 
operations at docks of N.Y. Central RR. Terminal, at 
docks and 500,000 bush. elevator at Rutland R.R Ter- 
minal, and at docks of Standard Oil Co., Geo. Hall Corp., 
Algonquin Paper Corp., and Pulp Terminal, at Ogdens- 


burg. 

This would flood Central Island Park, Toronto. 

This would flood— 

Town dock, Gananoque; wharf and coal shed, R. Crawford, 
Kingston; Cribworks, C.P.RR.Co., Kingston; wharf, 
Dr. Williams, Geen Island; wharf and cattle barns, J. P. 
Wiser & Sons, Prescott. 

This, at Oswego, would probably stop operations at N.Y. 
Stage Barge Canal Terminals and at N.Y.O. & W.RR. 
and O.L. & W.RR. coal docks; flood some foundations 
along lower part of Oswego River and large portions of 
Diamond Match Co.’s plant and yard and Standard Oil 
Co.’s. Lumber yard and mill; and reduce power head 
from 17 ft. to 14 ft., of mills on east bank of Oswego River 
below Bridge St. It also would reduce power head of 
12,000 H.P. plant, under construction by General Develop- 
ment Co., from 15 ft. to about 12 ft. 

249-5 |This would flood dock, L. H. Service, Rockport; 2 docks,|District Engineer, Can. Dept. 
J. Smart Mfg. Co., Brockville. Public Works, Ottawa, Ont. 
This would flood— 


Water Works Pier, Corp. of Brockville; L. H. Dept.|District Engineer, Can. Dept. 
wharf, Can. Govt. Depart. Marine, Prescott; wharf and} Public Works, Ottawa, Ont. 
warehouse, Plum, Prescott; wharf, Buckley, Prescott; 
wharf, R. Weddell & Co., Trenton; Public wharf, Can. 
Govt. Trenton; Public Coal Dock, Can. Govt., Tren- 
ton; Anderson Dock, Belleville; wharf, Way & Gulliver, 
Picton; wharf and freight shed, Adolphns Town, wharf, 
Emerald; wharf, Stella; wharf, coal and freight shed, 
Robinson, Bath; Portsmouth, Brewery wharf; wharf, 
Portsmouth; wharves, Ty. siding and elevator, Montreal 
Transp. Co., Kingston; waterworks dock, Town of Gan- 
anoque; dock and freight shed, Gananoque; wharf, Can. 
Govt. Public Works Dept. Mallorytown; wharf, Laing 
Co., Brockville. 

250-0 |This would flood— 

2 wharves and 2 coal sheds, B. Power & Co., Trenton; 
dock, C.P.RR., Trenton; Allen’s dock Belleville, coal 
wharf, Stevens, Napanee; Lights wharf, Napanee; 
wharf, Rankin, Collins Bay; Breakwater, Can. Govt., 
Portsmouth, Entrance to Can. Govt. drydock, with 2 
travelling cranes, Kingston; Cribwork, Kingston; wharf 
and grain elevator, J. Richardson & Son, KingMton. 

250-5 |This would flood— 

Wharf and coal storage bldgs. Trenton Cooperage Mills, 
Ltd.; public wharf, track and store house, Can. Govt. 
Belleville; wharf and coal sheds, G.T.RR., Belleville; 
Public wharves along side LaSalle Highway, Can. 
Govt., Dept. Public Works, Kingston wharves and boat 
house, Royal Militia College, Kingston; Public wharf, 
Can., Govt., Burnt Is.; wharf, coal and freight sheds, 
Taylor and Green Co., Gananoque, docks, Ry. sidings 
and freight shed, Thousand Island Ry. Co., Gananoque;]. 
Public wharf, Can. Govt., P.W. Dept., Gananoque; 

Public wharf Lansdown; Carnegie wharf, Rockport; 
Public wharf, Can. Govt., P.W. Dept., Brockville; 
wharf, siding, storehouse and derrick, C. PRReaCo., 
Brockville: wharves, coal shed and shed, Buckley, 
Prescott; wharf, tracks and freight shed, C. P.RR.Co. a 
Prescott. 

251-0 |Above this would probably flood parts of railroad terminals 
at Ogdensburg and flood or stop operations at principal 
docks at Ogdensburg, Morristown, Alexandria Bay, 
Clayton, Cape Vincent and Sackett’s Harbour. 

This would flood part of yard, Rutland RR. Ogdensburg..... 


District Engineer, Can. Dept. 
Public Works, Ottawa, Ont. 


District Engineer, Can. Dept. 
Public Works, Ottawa, Ont 


District Engineer Can. Dept. 
Public Works, Ottawa, Ont. 


Rutland Railroad Co., Ogdens 
burg, N.Y 
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TABLE 15—PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO—Concluded 


Stage —— Authority 


251-0 |Above this would flood inner wharves, Toronto. 
Above this would probably affect line of New York Central 
Railroad between Ogdensburg and Morristown. 
This would flood LaSalle Causeway, Kingston and Belleville|District Engineer, Can. Dept. 
wharf. Public Works, Ottawa, Ont 
252-5 |This would flood— 


Private cribwood, Kingston, wharf, railway siding and|District Engineer, Can. Dept. 
oil pipe line, C.P. Railroad, Brockville. Public Works, Ottawa, Ont. 
253-0 |This would probably flood all docks and all railroad terminals 
at Ogdensburg. 
This would flood entire yard of Rutland Railroad, Ogdens-|Rutland Railroad Co., Ogdens- 


burg. burg, N.Y 
253-5 |This would flood— 
Cribwork, Penitentiary and Gumis Taunery, Portsmouth,|District Engineer, Can. Dept. 
wharf and sheds, Can. Cement Co., Point Aune. Public Works, Ottawa, Ont. 
254-5 |This would flood— 
Breakwater, Can. Govt., Portsmouth; Dock, Eastern|District Engineer, Can. Dept. 
Milk Products Co., Gananoque; wharf and grain elevator,| Public Works, Ottawa, Ont. 
Prescott Elevator Co., Prescott. 


TABLE 17.—REGULATION OF THE GREAT LAKES 


STorAGE AT DETERMINING Pornts ON StTorRAGE DistRIBUTION CURVES, FOR REGLUATION WITH 
Competete Conrrou or St. Crain RIveR 


‘ Highest Safe Stage A High Point on Curves 
Upper Limit—Regulation for -2—— 
Equal Navigable Depth Lower Limit—Regulation for Regulation for Equal 
Equal Flood Probability Flood Probability 
Month a 
Lake Lake Lake KE) 
Lake | Mich-| Lake | Lake | Total] Lake | Mich-| Lake | Lake | Total] Lake | Mich-| 9-2] 9 | Total 
Su- jigan—| Erie | On- | Stor-| Su- jigan—} Erie | On- | Stor-| Su- jigan—|4pQ | =| Stor- 
perior|Huron tario | age |perior|Huron tario | age |perior|Huron|j |j°} age 
Janney. 689 985 225 164} 2,063 950) 1,458 368 286] 3,062] 1,388] 2,325) 542) 428) 4,683 
la ena 672 960 218 160} 2,010 880) 1,462 375 295| 3,012} 1,255) 2,329) 556) 443) 4,583 
March 746] 1,066 248 IMA) Papp aBys 880) 1,611 416 325] 3,232) 1,255] 2,523} 641] 508) 4,927 
April 877| 1,252 286 208] 2,623 950} 1,795 491 389| 3,625] 1,242] 2,443) 641] 509) 4,835 
ay 987} 1,409 322 234| 2,952) 1,071) 1,945 519 413] 3,948] 1,357] 2,619] 656) 543) 5,175 
June 1,041) 1,486 340 247| 3,114] 1,146] 2,030 §22 416] 4,114] 1,290} 2,398] 587) 480) 4,755 
July 1,048] 1,497 342 248) 3,135} 1,208) 2,012 505 406} 4,131] 1,365} 2,380) 562) 466) 4,773 
Aug..... 1,017} 1,453 332 242) 3,044] 1,248] 1,940 480 372| 4,040] 1,562] 2,612) 590} 483] 5,247 
Sept 960} 1,372 313 228| 2,873] 1,248) 1,839 448 332] 3,867) 1,562} 2,501) 557) 440} 5,060 
OCE BES. 880) 1,258 287 209) 2,634] 1,197] 1,718 412 306] 3,628] 1,502] 2,407) 524) 406} 4,839 
INOVera 796} 1,138 260 189} 2,383] 1,120] 1,589 382 286| 3,377] 1,570] 2,597] 542] 424] 5,133 
Dec.... 736| 1,051 240 175| 2,002} 1,041] 1,506 375 278) 3,200] 1,510} 2,448) 540) 423) 4,921 


Nors.—Datums used in computing above storages were Superior 599-6, Michigan-Huron 577-6, Erie 
568-8 and Ontario 242-5. All storages in thousand second foot months. 
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TABLE 19—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 


ALONE 
Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g 
1860— 
JUNE Se eR ian ee ee 283 247-70 274 D471 28a Mave Selereerreel. 247-28 
July eon Soe 285 247-54 277 247-12 279 247-09 
PATI USt , 0k RR beets tore 283 247-06 274 246-64 269 246-68 
Septem bers: 25. seen OU 246-76 269 246-34 262 246-47 
October) Beas 267 246-71 258 246-29 257 246-43 
November. .wkis.inee 2. ae 273 246-74 264 246-32 272 246-37 
Decemiber: tt. haa tee 269 246-58 260 246-16 300! 246-05 
2162 246-25 
1861— 
JANUAL YE sll yc bee ee Osher 244 246-50 235 246-08 210 246-49 
Nifclolgithimaarnnoa sues ake a 243 246-78 234 246-36 223 246-91 
March 309. secre pacer mnie ra 251 247-12 243 246-70 242 247-26 
p20) Gil tegenesey yreene e Feoee, opera 285 247-70 277 247-28 2681 247-61 
3022 247-73 
Maye 2 ticles beer soe eee 305 248-36 297 247-94 300 248-35 
SUNG. echt sean cick 310 248-43 301 248-01 310 248-31 
JULY natch oe ee Ere 309 248 -20 301 247-48 310 247-96 
AUSusts. fee eee tee 302 247-84 294 247-42 301 247-51 
September... wececsratuck 293 247-70 284 247-28 303 247-13 
October. Js. ae n eee 294 247-82 286 247-40 303 247-03 
INowem|ber-s senna 292 247-72 284 247-30 310 246-61 
Decéem behcascanntt . eee 297 247-36 288 246-94 3101 246-29 
2182 246-54 
1862— 
MEUM ATs yacmreeree ore see 259 246-90 250 246-48 212 246-56 
February 248 246-94 239 246-52 224 246-78 
March 247 247 -63 238 247-21 240 247-44 
HAT opete rene ti dercirewayieccanrecan: 296 248-48 287 248-06 2721 247-96 
3102 248-24 
Marya elicl afew h foes teva5eo.0 318 248-75 310 248-33 310 248-50 
JURE a khacm arene aiaraee 312 248-67 303 248-25 310 248-34 
JulySwck : o. feet. ee 310 248-49 301 248-07 310 248 -05 
PA HORESE A Weise tect I ee tak 301 247-94 293 247-52 301 247-40 
Peptrenwben we. ade homie 290 247-34 281 246-92 292 246-66 
October!) 2. taacals ae 279 246-90 270 246-48 265 246-28 
INOVieMl beRemtuacemt reer 270 246-68 261 246-26 261 246-07 
Decembers.t}s.acceeh Sease 264 246-70 256 246-28 2391 246-18 
2172 246-43 
1863— 
amnuaiay {2 My. see Se a: 247 246-80 238 246-38 D2: 246-85 
February 242 246-87 234 246-45 227 247-00 
Marche . RAG. Oke falas & 246 247-27 236 246-85 244 247-30 
PA prilee, ) Pea. Oe tee at: 283 247-83 275 247-41 2691 246-62 
3032 247-72 
IMP Vath JER, HEEB ie pas 299 248-10 291 247-68 299 247-88 
Dunes. eA. ieee wet f 301 247-98 292 247-56 307 247-58 
ulyaok: ARAN ge: 293 247-54 284 247-12 284 247-14 
pAurust. 86. ees ioe: 285 247-12 277 246-70 263 246-89 
Septem bers. 17 fue. 2. 276 246-84 267 246-42 264 246-65 
October cae owe tet tees 266 246-65 DANTE 246-23 260 246-33 
INGVEIMDE?rs: emcee aes 264 246-56 256 246-14 257 246-23 
Decem ber ...2.34. scantes cet 261 246-45 253 246-03 2941 245-92 
2092 246-14 
1864— 
VARUATY:. pon ee ere elaae 223 246-25 214 245-83 209 246-00 
February 228 246-22 220 245-80 217 246-00 
March 242 246-54 233 246-12 217 246-52 
Apnll asi te lace onses icc 270 247-32 261 246-90 2411 247-03 
4 2712 247-35 
IMigiy acetone cnt ie eer cates 291 247-97 281 247-55 277 248-05 


1 First half of month. 2 Second half of month. 
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TABLE 19—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with 
actual diversions 


Unregulated with 
continuous diversion 


Regulated with 
diversion of 


(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of ¢.f.s. end of of c.f.s. end of of ¢c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) g) 

1864— 
DS AG aak ee 3 ea 301 247-96 293 247-54 310 247-83 
DULY Aeris ctoes cath os 292 247-57 284 247-15 291 247-34 
Augusta. cmos oc ea es tas 283 247-08 275 246-66 266 246-95 
September: tHe... 084... 273 246-70 274 246-28 263 246-71 
Octoberyewes. «teak os 266 246-56 257 246-14 259 246-55 
November. :.5. 2.5... 268 246-60 260 246-18 273 246-43 
December. Mec cce et 272 246-86 263 246-44 3021 246-32 
2182 246-73 

1865— 
PANU YC Fore dietary od 245 247-16 236 246-74 214 247-31 
Rebrdaryaneeteemsccc.b es 225 247-30 216 246-88 233 247-23 
WESC aa, Sa | ee 242 247-42 234 247-00 247 247-18 
TATU had yh Heo save ose web os 284 247-54 275 247-12 2631 247-32 
2762 247-37 
Maw nated RES. ccd coh ns 288 247-64 280 247-22 273 247-56 
PUI CM eas ciate sea o.scsceaterece 288 247-58 280 247-16 282 247-47 
SUV Re Seed shes cnc nepient 283 247-20 275 246-76 270 247-15 
AMUSE HEM... be oc cscs oe 273 246-60 264 246-18 259 246-61 
September: Wee ..5.escb 3 260 246-18 252 245-76 249 246-22 
OctObers een heen. vasched 251 245-94 242 245 -52 240 246-01 
Wowvemiber: #88....os606h. ¢ 246 245-74 238 245 -32 235 245-85 
December: IM... ssh 4 244 245-56 236 245-14 2071 245-94 
2102 246-02 

1866— 
VANURLV ATS RAR veces ct 205 245-46 197 245-04 208 245-78 
Hebruarysseeddencace shod 200 245-48 191 245-04 211 245-56 
March... 214 245-72 205 245-30 207 245-77 
Noni stab, eette aa co cele 6 4 251 245-99 243 245-57 2031 246-16 
2162 246-46 
(IM Ayer AA es erietiselee « 260 245-97 252 245 -55 221 246-82 
UG): Sak eee es 272 246-38 263 245-96 241 247-51 
SULA a otrash HAA Es ccokeareln » 8 274 246-79 266 246-37 269 247-87 
INGA Cir ca, bh a ee 270 246-70 262 246-28 277 247-58 
September: OU. .....0..1004 265 246-58 257 246-16 288 247-07 
OCUODE Ame ees oh oe 262 246-40 254 245-98 280 246-57 
INOVSTMDER AES «ice va chee 2 265 246-24 256 245 -82 275 246-18 
December. aie. sca sates 2 272 246-08 263 245 -66 2831 245-98 
2152 246-20 

1867— 
VATUAUY EH AALS... cleisa's choos 238 245-94 230 245-52 210 246-31 
February 238 246-27 229 245-85 220 246-75 
AWE TG OS 9 ih at eens Ga 246 247-07 237 246-65 240 247-51 
TAtpribsee tec nace of 283 247-86 274 247-44 2741 247-91 
2082 248-10 
WE). A Hee ees eee 300 248 -34 292 247-92 310 248 -35 
DUNO Ih cake vcs cee dant 307 248-30 299 247-88 310 248-16 
Ulett cheat 298 247-80 290 247-38 305 247-47 
FAURUSt HT. Gee cules rates 285 247 -23 290 246-81 268 247-01 
Septem Der Vere <cosca dees 272 246-66 263 246-24 265 246-41 
Wetoheriset tee oe... coded 256 245-96 248 245-54 245 245-75 
249 245-21 241 244-79 228 245-16 
234 244-67 225 244-25 2011 245-04 
2002 244-93 
210 244-56 202 244-14 199 244-85 
184 244-74 176 244-32 200 244-73 
210 245-20 201 244-78 200 245-21 
246 245-82 237 245-40 2051 245-72 
2102 246-20 
251 246-33 243 245-91 211 247-10 


? Second half of month. 


1 First half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with 
actual diversions 


Unregulated with 
continuous diversion 


Regulated with 
diversion of 


(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of c.f.s. end of of ¢c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) g) 
1868— 
DUNE ae Means ce oes 267 246-48 268 246-06 256 247-40 
DULVR Ss. ae hee eee hee 264 246-28 256 245-85 268 247-05 
Aug tBb 2 sts Olesen cctie 258 246-04 249 245-62 252 246-77 
September. FIs. .6 2 ce be 252 245-64 244 245-22 246 246-35 
October. 8. Whales se be 243 245-28 235 244-86 234 246-00 
INOVem bers 250. o. caeds 237 245-28 228 244-86 226 246-02 
December...... 244 245-30 235 244-88 2201 246-12 
2172 246-24 
1869— 
JANUSTY:. | bo. Ot he sane pes 217 245-28 208 244-86 210 246-20 
Bebrifary Jo. fee. esse cokes: 197 245-45 188 245-03 219 245-99 
March. 196 245-82 188 245-40 DAME 245-99 
G0 IRD Fao eer oe ee 259 246-42 251 246-00 2071 246-57 
2342 246-97 
IMLS cis dais We Sanco bs. 276 246-86 268 246-44 244 247-71 
DUTCH ss scitee cetera creer sewers 282 247-13 PASS 246-71 282 247-87 
DUlyAes coc eee eee. 288 247-32 280 246-90 284 248-01 
August... 4. ees case ke 3 288 247-27 280 246-84 287 247-86 
September...Gee. M55 5.8.. 284 247-12 275 246-70 305 247 «35 
Mctober! Vo a Sab 280 246-88 271 246-46 298 246-77 
Wovembery.nee...s ashe: 272 246-76 264 246-34 294 246-27 
December...... 267 247-06 259 246-64 2961 246-27 
2182 246-75 
1870— 
VANUar ya. cttestseas teed 258 247-34 249 246-92 214 247-47 
February 258 247-41 249 246-99 235 247-72 
March... 253 247-88 244 247-46 255 248-06 
PA DTG cs ote tea aes. 304 248-65 295 248-23 2861 248-51 
3102 248-81 
IEA Meee | ee Ae 318 248-79 310 248-37 310 248-95 
UNOS, oe ARs eee 313 248-47 305 248-05 310 248 -56 
PO ht See, Sn Viens AeA 309 248-14 301 247-72 310 248-12 
PATIB USE ore Nee cataract 296 247 -62 288 247 -20 300 247-44 
Wepre Der. Gasca. achat 282 247-12 274 246-70 230 246-74 
October s.t.- Genk asses 276 246-66 268 246-24 269 246-26 
WNowember Se. ciseckleas 265 246-26 256 245-84 251 245-92 
WECEMDEE. Sheen s sea date 260 246-10 251 245-68 208! 246-11 
2172 246-23 
1871— 
AMUAT Yas, ho teenie isthe a 231 245-98 220 245-56 210 246-27 
February 2h 246-00 219 245-58 220 246-27 
March... 243 246-40 234 245-98 226 246-77 
PAT eRe ee eo acts ac 270 246-91 261 246-49 2531 247-07 
2772 247-22 
(Midiyare 2 citi Aten heeded 278 247-09 269 246-67 275 247-33 
June... 278 246-98 270 246-56 281 247-08 
July... 275 246-68 266 246-26 269 246-74 
PUONIS tHe cen ieee ale aa 265 246-29 257 245-87 257 246-35 
Septem ber. 40%. ccc esate. 257 245 -87 249 245-45 247 245-95 
October {625 hse edeat 249 245-42 241 245-00 237 245-55 
Novem ber: fee: ou able ue 235 245-06 227 244-64 225 245-21 
December...... 227 244-82 218 244-40 2011 245-20 
2012 245-19 
1872— 
VADUATY -4 >. WRG on ci nidert 190 244-62 182 244-20 201 244-75 
Webruary:t2 Win. + sete 174 244-43 166 244-01 200 244-14 
March... 189 244-60 180 244-18 190 244-19 
PA Da, i Ree. on e-c.kteee 222 244-90 214 244-48 1931 244-47 
1942 244-75 
IVES VARs ictegeicc Mao cle dia ickls wit 234 245-12 225 244-70 197 245-33 


1 First half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1872— 
MINOM oak. sie hee eed 241 245-32 Wave 244-90 198 245-95 
SOLVES. Goss Mabon s. eahtes 242 245-27 234 244-85 219 246-09 
BATES brat cate re che ci» ate ane 237 245-04 239 244-62 229 245-98 
Sentem bers. seas ures 232 244-82 224 244-40 230 245-68 
COX 0) 01 Rae AS ae eee ae 267 244-72 218 244-30 223 245-52 
November. ..gees.- ost. 228 244-52 220 244-10 220 245 -32 
December 211 244-33 202 243-91 2021 245-22 
2022 245-12 

1873— 
VANUATY 08s «Moe sock chk ae 192 244-34 183 243 -92 201 244.91 
February 194 244.44 185 244-02 201 244-81 
March 200 245-46 192 245-08 200 245-75 
PAIODILN Cyne Sees cin sh oc 254 246-73 246 246-31 204! 246-64 
2412 247-29 
IMIG eis eet cs OES 273 246-96 264 246-54 265 247-50 
June 275 246-90 267 246-48 278 247-30 
July 273 246-74 265 246-32 268 247-10 
PNUPAISE OF Pa BOR. ee ee cd 266 246-39 258 245 -97 258 246-75 
September... .aeens. ss ob os 260 245-96 251 245-54 253 246-30 
WEtODOr at oo Bee oe he Rk OS 249 245-66 241 245 -24 242 245-99 
November. ee.....:b.«: 246 245-70 237 245-28 237 246-03 
Mecem Der. ssahe .scs. enh a 251 246-07 243 245-65 2231 246-33 
2182 246-67 

1874— 
RATINATY Nec. ese ocho eee os 238 246-55 229 246-13 213 247-36 
February 239 247 -02 231 246-60 233 247-81 
March 261 247 -24 252 246-82 256 247-99 
April 279 247-18 270 246-76 2841 247-87 
310? 247-59 
| 7 RN 2 Gh ee 273 247 -22 265 246-80 288 247-34 
June 284 247-24 279 246-82 273 247-39 
July 282 247-10 274 246-68 274 247-25 
DAVES) CLG A ne 2 rR Cee 276 246-66 268 246-24 264 246-85 
Soptember. 66k .ccceect od 262 246-14 254 245-72 259 246-24 
OChODere he hee cen. ee 4 255 245-66 246 245-24 243 245-80 
INOWEM DEL: pe oeut cep ee 245 245-20 237 244-78 229 245-44 
Wecem ber. Maw. «2-6 stot 236 244-88 227 244-46 2031 245-43 
203? 245-42 

1875— 
AMUMAT V22h o tektites cateled 203 244-56 195 244-14 203 245-00 
February 177 244-51 168 244-09 202 244-52 
March 197 245-04 188 244-62 198 244-93 
PAD aie sc <SRES ose see 238 245-58 230 245-16 2041 245-35 
2042 245-77 
IN. ote RRs crs eM 250 245-79 242 245-37 205 246-45 
June 253 245-88 244 245-46 233 246-69 
July... 255 245-83 246 245-41 248 246-61 
PERU S birch ARG cin osete oe 250 245-66 242 245 -24 247 246-37 
Seppem Der sEEe secta.ent. ot 242 245-41 234 244.99 244 245-99 
WMCbober. 4.0 LEE shades aed 238 245-18 229 244-76 237 245-67 
November. FG. .is28<2% 233 244-99 224 244-57 230 245-41 
Wecomber: 1A. cocce stood 229 245-10 220 244-68 2031 245-57 
2042 245-72 

1876— 
BATUATY:- eeeis cies ated PAT 245-64 209 245-22 206 246-30 
MOhWRUATY... Ree ss na Bae oe 226 246-24 PACA 245-82 220 246-86 
Miah Jeans Sets os ore ee 240 247-01 232 246-59 242 247-50 
ADTUE ct bes nee dont 286 247-79 278 247-37 2731 247 «92 
310? 248-11 
IMAVE...h. Mitte ss. at, HS 298 248-19 290 247-77 310 248 -26 


1 First half of month. 2 Seeond half of month 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) g 
1876— 
Juneres . ess He eee ak eae 304 248 -34 295 247-92 310 248 -22 
July 305 248-14 296 247-72 310 247-84 
WUSIStEe LAs tee oe ae Re 294 247-60 286 247-18 297 247-16 
Septem beree seen. s okee: 280 247-13 272 246-71 287 246-50 
October. See. 2 eck ene 277 246-78 269 246-36 263 246-22 
November! Peano ies pee 266 246-51 257 246-09 250 245-96 
Wecem bent is csee sae he: 265 246-16 256 245-74 2131 246-05 
2162 246-13 
1877— 
January .e Cees: shoes pe. 226 245-76 217 245-34 209 245-83 
February 7. .teet cee 224 245-70 216 245 +28 212 245-82 
March oR RAL Ae 230 246-12 222 245-70 212 246-36 
April 262 246-50 253 246-08 2341 246-66 
2592 246-81 
Mia Veen. ras! Meth et ees 266 246-48 257 246-06 255 246-82 
June 265 246-45 256 246-03 256 246-80 
July 266 246-34 257 245-92 257 246-69 
SNUSIS ent Meet Bi 259 245-98 251 245-56 255 246-28 
Sepvember. cece eke = 249 245-56 241 245-14 247 245-78 
October. ser cobs 238 245-30 229 244-88 234 245-46 
INOVeMber (ees ko 237 245 -32 228 244-90 228 245-48 
WMecem ber. esses eek 240 245-43 232 245-01 2041 245-70 
2062 245-91 
1878— 
January. foe en ae 223 245-58 214 245-16 207 246-15 
WEDTUATY, score te aes eee 220 246-04 212 245-62 218 246-54 
March: eee: 238 246-52 230 246-10 235 246-95 
April 267 246-81 258 246-39 2611 247-07 
2762 247-09 
UE 7g wey desecha Che ae cere) See 275 246-98 266 246-56 264 247-29 
June 274 246-95 266 246-53 275 247-14 
July 272 246-89 264 246-47 268 247-03 
(ANGUS... tyme coe ke 272 246-72 264 246-30 261 246-89 
September, . weet cc ssh 269 246-46 260 246 - 04 263 246-60 
Mctober.. 2 Pee eae ee 261 246-27 253 245-85 256 246-39 
November, .saescicsb 260 246-62 251 246-20 263 246-59 
A DevX onl 6{s) Sabie I eee? A 276 246-92 267 246-50 309! 246-48 
2202 246-93 
1879— 
Wanuary...f. ees cone. bee 243 246-63 234 246-21 216 246-87 
IHGDTUALY oc. eee each 245 246-38 236 245-96 227 246-73 
Mancha. eee 234 246-50 226 246-08 240 246-67 
AOE: ots pesca tebe 267 246-76 259 246-34 2481 246-87 
2582 247-01 
IM Eivien 5. ote etic ote s 272 246-85 264 246-40 253 247-21 
June 272 246-72 263 246-33 261 247-17 
Sulivee e. Lot eee roe pes 268 246-50 260 246-08 259 246-93 
WAoUSt. oben bees eae notes 259 246-11 250 245-69 249 246-55 
Sepsomber meee ye. -uh 252 245-68 244 ~ 245-26 241 246-15 
October... ccs oes ee 242 245-26 233 244-84 233 245-74 
INOVemMbeR, (Peet. son Asters 234 245-08 225 244-66 223 245-59 
December...... 230 245-21 221 244-79 2051 245-77 
2062 245-93 
1880— 
VANUALY: haces ws cee ee 222 245-46 214 245-04 207 246-27 
February 222 245-77 213 245-35 220 246-49 
March 232 246-03 223 245-61 233 246-63 
April 257 246-20 249 245-78 2441 246-74 
] 2492 246-82 
IME Vee cc So Ae spect 262 246-39 254 245-97 240 247-18 


1 First half of month. 2 Second half of month 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of ¢c.f.s. end of 
month month period 
(a) (b) (c) (a) (e) (f) (g) 
1880— f 
UNC coco. s ma acswicke  ¢ 266 246-52 257 246-10 259 . 247-29 
Taliyere ce he ee ok lok 265 246-30 257 245-88 266 246-95 
INU BUSH. Ns ces. ck oe 255 245-90 246 245-48 255 246-44 
September. vie ae ane ee 258 245-52 249 245-10 245 245-99 
October. 1 eee ave eee 239 245-29 231 244-87 235 245-70 
INOvemberieer. 6 cee ot oe 241 245-18 Zon 244-76 220 245-65 
December. oye. «co asch or 229 244-92 Ped 244-50 2051 245-63 
2052 245-61 
1881— ; 
VAUUALY cust tesa e eke: 186 244-74 177 244-32 205 245-09 
IMGDTUAT Vt carers oc eke 195 245-06 186 244-64 202 245-21 
Marche ae seem steak eek - 218 245-60 209 245-18 204 245-81 
Arie es ee eS 248 245-90 239 245-48 2121 246-13 
2262 246-35 
(Maem. fia, eat ok eR as 252 246-10 244 245-68 222 246-83 
Junerac. oe. eee Ee 257 246-24 249 245-82 250 246-95 
Gay. 3. eabaeaY cepetino Capea: Sree 259 246-12 251 244-70 257 246-75 
August..... Dich eR 4h 252 245-68 243 244-26 250 246-23 
BEPUEIMbDeL. seems wwe eke. 242 245-29 233 244-87 239 245-77 
@ctepers ho tease Lean le 235 245-18 226 244-75 229 245-62 
INGVember cates ccc e sche: 235 245-18 226 244-76 230 245-57 
IDCCEM DEL, Woe ve ns ep oe 236 245-46 228 245-04 2041 245-86 
2072 246-14 
1882— é 
GANUALY oN ieee ices fate a: 229 245-82 221 245-40 209 246-65 
HE DRUAPY-qo 0 gets setae apts 231 246-20 222 245-78 225 247-00 
Miarchirey same Nit tls chs 247 246-66 238 246-24 244 247-39 
JN 050 \ ieee apeiron AIC 269 246-92 261 246-50 2711 247-45 
2922 247 -37 
IVES ek Re or ea hde § 273 247 -28 264 246-86 279 247-55 
Ai acai aoe gee ER Oe 286 247-52 277 247-10 287 247-67 
Ub ic eteeesen teks or MER EOS OC 285 247-36 277 246-94 285 247-41 
EXTIGTISG aes eeree te eS StS a 278 247-00 269 246-58 270 247-03 
September. es 40s 267 246-56 258 246-14 271 246-43 
OCbOper «| seems bee tee 25D 246-09 247 245 - 67 251 245-91 
INOVEIm bere sees: hacks ss 245 245-74 237 245-32 239 245-53 
DCCEMDER: eee cee anes - 246 245-46 238 245-04 2041 245-61 
2052 245-67 
1883— 
MANUDEY ce. ees ok ahha ss 211 245-35 203 244.93 205 245-53 
Mebrearya cen sesh. s 192 245-50 184 245-08 207 245-39 
Maronie: a. sess Sr caahes | 2138 245-88 204 245-46 205 245-77 
ATO Gl eee, tenon TCE CR Otte 253 246-46 245 246-04 2061 246-29 
2252 246-70 
INCE eee a ots amiee ce seein > ake, 268 247-14 260 246-72 236 247-68 
TING Hee Cee ae ceacre es 284 247-76 275 247-34 284 248-19 
HA ance gee rete ae eRe IRS COE 293 247 -93 284 247-51 299 248-18 
ERTIOUSt ee ote aces: nave 289 247-60 281 247-18 288 247-76 
Seprem bers Mees cei taecr 279 247-14 270 246-72 287 247-08 
Octowev. a. ee ita 268 246-80 260 246-38 273 246-58 
INI@\gava0ll CYS eoppiedig ololae on bite 265 246-62 257 246-20 269 246-58 
INECEMNDCL: weet sent ertdook 263 246-53 254 246-11 2941 245-94 
2112 246-16 
1884— 
NARUATY s-& SMa acisia Ste a 226 246-70 218 246-28 209 246-44 
WEDTUAT YT Mees sos dee 234 247-22 225 246-80 222 247-00 
INIAROD eC eee dias h dete 248 247-86 240 247-44 244 247-59 
LADrTere eee ois Laas 294 248-18 285 247-76 2751 247-81 
3102 247-81 
WAS 5 ciate eens caine ee 298 248-14 290 247-72 309 247-52 


1 First half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED tN et as FOR REGULATION jOF LAKE ONTARIO 
ALON E—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) g 

1884— 
TUMORS oc fais esancae otic: 293 247-98 285 247-56 293 247-26 
SOSA oss Ale xe enone tes 293 247-76 285 247-34 278 247-12 
UGS tas Pasi seveicncciaeonn s 287 247-44 279 247 -02 268 246-93 
September. qa .csc the. 275 247-01 267 246-59 270 246-47 
WCET ea asa ates 264 246-55 256 246-13 254 246-03 
November) (Sos ac.c40. 2 256 246-22 248 245-80 247 245-71 
Decem bers. Wwe... vse os 252 246-14 243 245-72 206! 245-91 
2082 246-09 

1885— 
HAMUALY. side sere ecietade : 228 246-00 219 245-58 209 246-08 
February 212 245-73 204 245-31 218 245-63 
Miami lava citer Reet tstsr cepa tees 209 245-93 200 245-51 208 245-73 
MAS THES sg Cea Ro OS PY 241 246-67 233 245-25 210! 246-24 
2392 246-56 
Mayet citecmeascacedy toe 272 247 -26 263 246-84 242 247-42 
TE se 4,o AA aoe ae 281 247-51 273 247-09 286 247-51 
“UU NG een UR - LR SRS. ro 283 247-50 274 247-08 287 247 -33 
PANI@USt qa bs the wcraseAcrieces 276 247-32 268 246-90 275 247 -05 
HEptem beh. Meme ke cubeess 273 247-12 265 246-70 280 246-66 
October te Veeice askew 268 247 -04 259 246-62 269 246-46 
Novem ber: easel 4 269 247-16 260 246-74 279 246-35 
December 276 247-42 267 247-00 2991 246-27 
218? 246-71 

1886— 
ANUSTY: a.hen Coe aacesente tor 256 247-64 247 247-22 214 247-35 
February 256 247-74 247 247-32 233 247 -63 
March 259 248-12 251 247-70 253 247-98 
PATTY 5 ea SE ea he 298 248-54 290 248-12 2841 248 -23 
3102 248-31 
ESA aS = PPT 304 248-54 296 248-12 310 248-13 
June 300 248-24 291 247-82 310 247-59 
HST Ry ON MBIOE TST SUA oS 293 247 -82 284 247-40 294 247 -05 
PATON ts se te ntuwe ceecerb ed 284 247-42 276 247-00 270 246-73 
September a 3. AOE ate Ay alee 277 247-10 268 246-68 264 246-47 
OWctober ees ne ee 268 246-73 260 246-31 259 246-11 
INomem ber. Pees ciciteas 266 246-46 257 246-04 251 245-92 
December 261 246-30 253 245-88 209! 246-13 
2172 246-29 

1887— 
aMUAry: juncctetes wealth. s 233 246-54 224 246-12 210 246-70 
HME DTUALY. 350 SMe eects 258 247-18 249 246-76 225 247-64 
March 264 247-54 256 247-12 254 248-03 
PA rike: Sof HORS. Soe ad 288 247-92 280 247-50 2851 248-18 
310? 248-18 
Midiye tn 8. RR teiebhns 4 296 248-18 288 247-76 310 248-16 
June 296 248 -02 288 247-60 310 247-72 
INTE /5 REN Ree |) sae Teed a _ 289 246-62 281 247 -20 291 247-20 
PAUGUSt sits BOR cenit Qe 247-06 268 246-60 269 246-62 
Septem ber eue.jcccclee se 265 246-56 256 246-14 255 246-13 
Mctober. ck Ree ae cake os 258 246-20 250 245-78 243 245-85 
Novem ber. Meek. chloe G 246 245-88 238 245-46 237 245-54 
December. i455. co. akh h 242 245-60 233 245-18 204! 245-59 
2052 245-63 

1888— 
ANUATY:. he Ain oauieethe 214 245-37 205 244-95 205 245-41 
February 194 245-42 186 245-00 205 245-22 
March 208 245-86 200 245-44 204 245-61 
JN) Aig 2 2-4 Veneer * 253 246-20 245 245-72 208! 246-01 
d 2192 246-33 
MAYS. ccc R aA occu ck of Be 256. 246-26 248 245-84 221 246-72 


1 First half of month, 2 Second half of month, 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of ¢.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1888— 
UTS cclt De scratoeie leds doe 258 246-31 250 245-89 246 246-82 
CTU. setae Aen 5. teen ROP 258 246-29 250 245-87 256 246-72 
ATO TISU Sen MR aicers ie raterus 257 246-04 248 245 -62 250 246-44 
eptember swe occ cit. 4 249 245-67 240 245-25 247 245-59 
October see vic cccadhe. 239 245-46 231 245 -04 236 245-71 
iNovem bery Wee iwc. ces: 239 245-42 231 245-00 228 245-70 
Wecember wen cace cs aos 240 245-52 231 245-10 2061 245-90 
2072 246-10 

1889— 
DAMUATY TRE eecievercdes 226 245-69 217 245-27 209 246-38 
February 212 245-84 204 245-42 221 246-32 
March 220 246-05 212 245-63 227 246-33 
PA IIS RPE REN ER ca cick als aid 256 246-24 248 245-82 ae ae is 

2 

IV SiGe Sen co RIO Suis ics hone 258 246-48 249 246-06 239 246-98 
ALUN Neb cetins wctesteeee 267 246-72 259 246-30 256 247-26 
ARNG: Coches Sere ea eae ee 270 246-70 262 246-28 271 247-12 
PAU UISt Minin Bin sicrsoiewets ses 265 246-29 256 245 -87 263 246-62 
September sGke oo osc. at.'! 253 245-79 244 245-37 253 246-01 
Mctoberne yee Sock wcceed 239 245-37 230 244-95 239 245-47 
INGWEMbDERt eee cs. de cates 234 245-46 226 245-04 226 245-56 
December Mesa. oh aidss 3 245 246-00 237 245-58 2041 246-04 
2162 246-44 

1890— 
ADUAL VIR a ctioc acid 239 246-46 230 246-00 212 247-09 
He bRUATYeeee ee aciae onder 239 246-76 231 246-34 230 247-44 
March 252 247-05 243 246-63 251 247-63 
ADELE GI. eee ce Seaside 276 247-35 268 246-93 ae ae iS 
WE? i ee Se 285 247-84 276 247-42 290 247-99 
UNG Meeisits os Ate foas cn ataarne 295 248-08 286 247-66 306 247-99 
AU A/a) ihre Mae 3 CR CR Pa Re 295 247-66 286 247-24 299 247-41 
PN USt aie AN ak ok chadacs 280 247-14 271 246-72 269 246-92 
Septembersywee cise as dank 273 246-80 265 246-38 264 246-58 
WGCLOWETPEMee ctoies cei 264 246-68 255 246-26 250 246-47 
INOwemberwee.s.bccccod 265 246-62 256 246-20 270 246-25 
December yea. : ses soa’ 0% 259 246-35 250 245-93 2951 245-84 
2072 245-98 

1891— 
TARTALY cP aise ck 232 246-32 224 245-90 208 246-14 
February 233 246-72 224 246-30 218 246-62 
March 247 247 -23 239 246-81 PRY A 247-14 
PAD TANS RE APL. os oss ln ces od 283 247-36 274 246-94 os au ae 
Maiaye Histo stills o\< loci. igs 3 279 247-04 270 246-62 271 247-09 
UNO Mei als cattle a ou.sacie we 268 246-69 260 246-27 259 246-75 
Julysee. 266 246-33 PEGE 245-91 247 246-51 
FAUICUSU Meee thes sale cies a 255 245-90 247 245-48 241 246-15 
Septembersmake ss. cocte ot 245 245-36 236 244.94 234 245-64 
October....... Pe ie seauert sie 230 244-74 221 244-32 222 245-02 
iNovem benvsHe cscus oct 8 222 244-42 213 244-00 213 244-71 
December...... 221 244-46 212 244-04 1971 244-82 
1982 244-92 

1892— 
January mec ae sthee se 202 244-50 193 244-08 199 244-90 
February 187 244-54 178 244-12 201 244-65 
March 190 244-90 182 244-48 199 244-80 
ADT Reade ses oaks 231 245 +22 Peay 244-80 ae vi i 
INT APE At AME shone owictb eae 234 245-53 225 245-11 199 246-04 


1 First half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 ¢.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s . (Oswego) 1,000’s Ontario 1,000’s Ontario 


of ¢c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1892— 
JUNE «<6 Se i, 3c RR Ae 247 246-06 238 245-64 211 246-92 
filles Me AR aang See 260 246-28 252 245-86 250 247-17 
PARIOUSE, Pyetouc Mer: cca. ete 4 255 246-14 246 245-72 256 246-91 
HeplemMiber... wees. an seear 254 245-82 246 245-40 20) 246-45 
October-wh 7 Mewewsacc tess 242 245 -46 234 245-04 244 245-96 
INGWeEMmIber. sae wesc cies 236 245 -26 20% 244-84 231 245-71 
Wecemben. Mies. ccent.¢ 232 245-04 224 244-62 2061 245-71 
2062 245-71 

1893— 
MANUAL Yan heirs ccs fom 201 244-82 192 244-40 206 245-32 
February 183 245-00 174 244-58 204 245-13 
March 199 245-62 190 245-20 203 245-59 
EA pray lack eee aeee noes 249 246-57 240 246-15 2021 246-30 
2252 246-88 
IVI sac by dette ca He Seles 275 247-26 266 246-84 244 247-86 
June 282 247-24 274 246-82 297 247-55 
July 277 246-84 268 246-42 200 247-04 
PATIONIS ti lorie. cheers aia s easetetn 262 246-44 254 246-02 257 246-60 
Bepremiber steer. 242 «fsa 259 246-04 250 245 - 62 248 246-22 
Octoberck. Bees. 247 245-58 239 245-16 238 245-77 
INOVemiber. Yer on cn. c st 4 238 245-30 |. 230 244-68 228 245-52 
December...... 233 245-39 225 244-97 2041 245-70 
2062 245-86 

1894— 
WANUALY ea oth ticms ce cafe as 218 245-65 209 245-23 207 246-15 
February 197 245-89 188 245-47 218 246-01 
March 230 246-06 222 245-64 DAW 246-23 
BATA sche eee ce oe anpnen 251 246-18 243 245-76 2271 246-38 
2342 246-49 
IMI eno ais, bre, Meee aie Shs e ctobese.t 256 246-54 248 246-12 228 247-09 
WV UUTIG Se ko big Me eo saeco ok 269 246-70 260 246-28 259 247-27 
July 263 246-31 255 245-89 269 246-71 
JA CIGAR 250 245-76 241 245-34 250 246-05 
September eee we ceebee§ 240 245-3 232 244-96 235 245-63 
WCtober eh. ee ace cook 234 245-10 225 244-68 225 245-35 
INovemlber. Mie. ...a.04-.5 229 244-76 220 244-34 219 245-03 
IDSCeM Derm. ou Ae 220 244-54 211) 244-12 200! 244-99 
200? 244-95 

1895— 
JANUary. x)... ee. Re oa: 196 244-46 187 244-04 199 244-73 
IMeDrual y he. caw ais.s octet 178 244-38 170 243 -96 199 244-29 
Marel......d5.0e5 181 244-60 WYP 244-18 193 244-25 
NO 2 a ey, Se 224 244-94 215 244-52 1981 244-53 
1982 244-81 
INT oo iat Bete oie, accahesed 229 244.94 220 244-52 198 245-09 
UNO, 5. ode geen waeteet 226 244-74 218 244-32 196 245-17 
July 220 244-46 Dalal 244-04 195 245-09 
PATIETUS ts bees REE ss, nich 217 244-17 208 243-75 205 244-71 
September. foe... .0ss0k 208 248 -83 200 243-41 203 244-32 
MCtODET Ads. eee bas tae 200 243 -54 192 243-12 202 243-77 
INovemiber eet... ods 194 243-42 185 243-00 191 243 -58 
Mecember— seh. 2 ca5 ede ok 194 243 -62 185 243-20 1881 243-66 
189? 243 -74 

1896— 
WaANUArVcek ocean cinco sudo 187 244-03 179 243-61 182 244-10 
IOOTUAT V b.atekesota atts 188 244-38 180 243 -96 189 244-34 
Mareh....)...: 185 244-95 17 244-53 194 244-70 
AEST Me esis bre Meteo bese cron 233 245-42 225 245-00 1911 245-14 
: 1922 245-58 
IMAI ccs aces ORM oe axe ore RS 245-39 229 244-97 191 246-03 


1 First half of month. 2 Second half of month. 


oe 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8, 500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of ¢.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1896— 
June.. 237 245 -22 229 244-80 204 246-17 
CUA. sain Set °> SRO ety See A Zoe 245-01 224 244-59 218 246-03 
BAGIONAS U7 disse Ms acne A cee oe 228 244-70 219 244-28 219 245-792 
WeNLEMDOLs Ate maser es oe 216 244 -34 207 243 -92 216 245-96 
October Se Aee sce kek 209 244-10 200 248 -68 208 244-992 
iNowmenlber: Ais. oscmcc-ae 209 243-97 200 243 -55 205 244-73 
WMecem ber, (kW. «63,4008 204 243 -92 195 243 -50 1981 244-68 
1972 244-64 

1897— 
MANUALY cde A ts ars cathe oe 187 243-85 178 243 -43 197 244-34 
February 182 244-07 173 243-65 194 244-30 
March 193 244-64 184 244-22 193 244-76 
April 229 245-18 220 244-76 1941 245-20 
1952 245-64 
IN AUR Ge cifes ees ss leak 239 245-50 231 245-08 .198 246-36 
June 245 245-61 236 245-19 225 246-61 
CLAUD Ga ARN, Oe ke SE I 242 245-60 233 245-18 240 246-52 
JERE VG In BS eR EE 242 245-35 233 244-93 240 246-18 
September jee: assoc ook 228 244-78 220 244 -36 235 245-42 
@ctober sen AgS ccc ek 215 244-44 207 244-02 PRT 244-94 
INowem ber. 668i... 211 244-44 203 244-02 211 244-84 
December Gl ..6....655 68 215 244-56 207 244-14 1981 244-96 
1992 245-07 

1898— 
ADUALY. 4 satdaec mssclnta aie 201 244-86 193 244-44 200 245-28 
February 210 245-28 201 244-86 204 245-67 
March. 223 245-70 214 245-28 209 246-16 
April 244 246-00 235 245-58 2191 246-41 
2312 246-59 
INT BGR, cscig oc ee Siersievcec a 249 246-10 241 245 -68 231 246-81 
June 250 245-99 241 245-57 244 246-67 
RW oc kare vainctvare oe 244 245 -68 236 245-26 243 246-27 
PAG OUST cs douches esis alot ook 237 245-30 229 244-88 233 245-85 
Septem Der seceecastscc ot 228 244-96 220 244-54 226 245-43 
@Mctober2 JSE..cco kB 221 244-86 213 244-44 216 245-29 
INowember. Aes. ac cae et 221 244-90 213 244-48 214 245-31 
Mecem ber Mee cw. ccs ae 224 244-94 215 244-52 202! 245-41 
2032 245-51 

1899— 
J AWUATY. -hai Pee cieiensceche A 205 244-93 196 244-51 204 245-40 
February 198 245-00 189 244-58 205 245-28 
March.. ies SRR ae 210 245-41 201 244-99 204 245-66 
BABE osseous arensani these 241 245-82 232 245-40 2011 246-06 
2112 246-40 
IMT Bi fae s cdicidsay« CAM osteo va aueee: Re 247 246-00 238 245-58 216 246-86 
June.. 251 246-00 243 245-58 244 246-85 
July.. 246 245-69 238 245 -27 250 246-39 
PAGES Ero h cst cvehsvensy sane 234 245-20 226 244-78 239 245-74 
September 10k oh... c..c kisim 224 244-75 216 244 -33 226 245-16 
MCetober Ailes ack. ae 215 244-48 207 244-06 216 244-77 
INomem ber Bea. «cus see 213 244-39 205 243 -97 212 244-59 
December...... 215 244-50 207 244-08 196! 244-71 
1972 244-82 

1900— 
SMUATY. ct POS cee aetna 199 244-76 193 244-48 198 245 -02 
February were se 3 199 245 - 04 194 244-76 202. 245-20 
March 204 245-50 198 245-22 203 245-50 
April 242 245-90 236 245-62 200! 245 -92 
2082 246-30 
WER errr ecos lyaieg. ol idee 3 248 245-95 242 245-67 212 246-72 


1 First half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion ‘of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of ¢.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1900— 
CUTOM Ee cho Bae ues © 249 245-86 248 245 -58 236 246-72 
Al WAR ht BE cen econe 247 245 -68 242 245-40 240 246-56 
WAUIDNIS GHeiins Mees eer 240 245-33 234 245-05 238 246-16 
Sepbemiberssean: 05 adele 232 244-92 207 244-64 232 245-68 
OctObera he Mme. sce wee 223 244-64 218 244-36 224 245-32 
INGVEMIDer Male cons ook 219 244-70 213 244-42 218 245-32 
Mécember Ie c.. chek 226 244-76 220 244-48 2021 245-47 
2042 245-59 

1901— 
JANUAT YIN WON oon otek 205 244-65 200 244-43 205 245-41 
HebrUay wees ere danke 200 244-50 196 244-28 205 245-15 
IED CG) ea not ey 2 Same: CP ee 198 245-01 193 244-79 203 245-54 
tAsoril se EAL ida ake 23 245-77 a0 245-55 2031 246-12 
2182 246-60 
MYA Gate fe: DAN erica tine 246 245-95 242 245-73 233 246-89 
UNO EM chis Ueericoae 249 245-86 245 245 - 64 249 246-75 
ule: dos Gene dort 244 245-58 239 245-36 247 246-37 
(ATHRUStR He, TRS. ce cule 237 245-26 233 245-04 238 245-98 
September teas. ca... dock 231 244-88 227 244-66 233 244-52 
October! MOTH denen donk 223 244-46 219 244-24 221 244-07 
INOwemiberns tie. s..s. eae. e 213 244-32 208 244-10 216 244-83 
Mecem beret. ce sched 216 244-39 Die 244-17 1981 244-95 
; 1992 245 -06 

1902— 
anwar ee ebscriccekdct 197 244-36 193 244-15 200 244-95 
Hebruanyenctess osc. e 177 244-62 172 244-41 201 244-85 
karoge. sROR.. Bisicctece 208 245-18 204 244-97 200 245-45 
As ileete MS toe See O87 244-44 232 245-23 1991 245-79 

; 2042 246-09 ° 

Oy Nie oe Uk ete ge ee 240 245-51 235 245-30 204 246-55 
UUM OMT ER Wak aM ee cutee 249 245-76 238 245-55 230 246-90 
LIENS Sage Oe AR RA UE 250 246-04 245 245-83 247 247-16 
AWS TS i, Bec dene 251 245-88 247 245-67 254 246-91 
DepLceCmMbersMee. fcc de Oe 244 245-54 239 245-33 255 246-37 
October sees. nciscc eek 237 245-24 233 245-03 238 246-01 
INowemiber tee... 6 cc. ten 230 244-97 226 244-76 228 245-71 
Decemben wee 5k ck 225 244-90 221 244-69 206! 245-76 
2062 245-81 

1903— 
WADUATV WR MIG coorcniiccok 209 245-04 205 244-86 206 245-95 
MEDEUAT Yahi oes. cect 207 245-46 204 245-28 215 246-23 
"WEE AO) piney ae 1) ves 225 246-10 222 245-92 224 246-84 
JEN OLCIU Bi, EAE BL on ee mR SR 258 246-50 254 246-32 2521 247-05 
2622 247-20 
VE Mie 2 boro AB rote ret aotbnont 261 246-50 257 246-32 260 247-16 
ST TUOY ar DO Nae RIE OA 257 246-52 254 246-34 256 247-16 
A Wliyee tes Ua) AP Mes octave oe eee 260 246-47 257 246-29 257 247-11 
INS SHER NG BSR: oc bork 256 246-21 253 246-03 25S 246-85 
"HSepteniben mee ene tee 251 245-90 248 245-72 251 246-63 
Ogtoberdh eae voncbodt 240 245-54 236 245-36 251 246-08 
INowemnbern Ne seiko ce 227 245-24 224 245-06 236 245-63 
Deesmber tet oo... bake 220 244.92 216 244-76 2051 245-54 
; 2042 265-46 

1904— 
VANUATY, CAPEK. hecoorsanite 192 244-86 188 244-66 204 245-20 
PIS OTUAT OI, scene ehh 196 245-32 192 245-12 203 245-52 
iMarehive. i: RIV deve. bocce 207 246-32 203 246-12 207 246-47 
CADET 28) AWE neocon bee 255 247-30 251 247-10 2351 247-06 


LFirst half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE—Continued 


Unregulated with Unregulated with - Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 ¢.f.s. 8,500 ¢.f.s. 
Year and Month : Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


offG:ts, _|s vend\of of c.f.s. end of of ¢:fts. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 
1904— 
NC) Aaa Reo oo eo ee 270 247-74 266 247-54 278 247-77 
ALERTS SOE bate 1y.6 REMI soles eae 277 247-88 Pie 247-68 293 247-66 
Ui bs esrreegcs train, oc itene Rett: ae 279 247-76 275 247-56 283 247-44 
IAVIGTISU Nite Moreno is 247-44 271 247-24 269 247-14 
SYS)SU8 2) 800s) Su’, sige an 266 247-06 262 246-86 273 246-62 
October See oe 257 246-62 253 246-42 256 246-14 
INowemben! ana. ccasac8.- 245 246-08 241 245-88 242 245-58 
Mecembenr. Loses kc cuss . 223 245-80 219 245-60 2051 245-53 
es 2042 245-48 
190 
GAMUAYV nok. eM ae oh cease 198 245-64 194 245-44 204 245-19 
eb RUAr yy. cde sy suie cat «ie 205 245-39 201 245-19 203 244-91 
Ware eken crete ee ets A 199 245-71 195 245-51 201 245-16 
Js JOE Re SE ere cA RA 242 246-19 238 245-99 a a . ot 
2062 
IMAVR Cce eter ie hobo 244 246-42 240 246222 | 210 246-65 
LUIS: ane as 10s Ret a 251 246-78 247 246-58 242 247-07 
ulyprse asa Bre hee 260 246-94 256 246-74 263 247-15 
PNT ZUES Uneta tee sh ere tess 259 246-82 255 246-62 262 246-95 
SEPLCIMDET meee ie soe ck 38 256 246-60 252 246-40 264 246-59 
Octobera.. eee 250 246-26 246 246-06 255 246-14 
INOVentper etre ais hcck 243 245-98 239 245-78 242 245-83 
December ase mes cates 237 246-00 233 245-80 2061 246-01 
2162 246-12 
1906— 
VANUaVn ss sets estelcak sts 229 246-11 225 245-89 209 246-42 
IBC RUAL Ys: eho sae ae ctoes 221 246-00 217 245-78 222 246-24 
archi hen nics ated 218 246-08 214 245-86 225 246-18 
EN DEP ya.0 AMEN coi takes 243 246-32 238 246-10 Bae oe . ae 
2382 
YE iy Re RON act ches ee 247 246-40 243 246-18 232 246-71 
SULTON oN ea rare test i 249 246-49 245 246-27 246 246-79 
RUUULYpee cielste a eee ets tae 252 246-42 247 246-20 253 246-65 
PAUIOUIS tHe ee ae or teed 245 246-04 240 245-82 249 246-16 
DepLeMmbel-cRee sce sec. 236 245-64 232 245-42 239 245 - 67 
Octoberye eeeiinsssae a 233 245-53 229 245-31 227 245-58 
INonieidal ofsiesn he SHENAE Mine 231 245-66 P| 245-44 224 245-74 
Weceuiber wee eck tee 229 246-04 225 245-82 2061 246-04 
2162 246-29 
1907— 
JRVATEN a 2eithe.5 6 Seen ae: 212 246-40 209 246-23 210 246-63 
FRE DLUAT Ys: wc hetns sales sraeud 218 246-46 215 246-29 224 246-53 
Marchese tn cent lace 224 246-66 220 246-49 235 246-54 
EADIAD tk Ree cake dees 256 246-96 253 246-79 ore aes 
Miaivennak cae Seite raise casas 262 247-10 259 246-93 i) 247-14 
AAUDAYEY, Seg oc AM 263 247-12 260 246-95 262 247-14 
AR e Sea atc 5 ae ee ere 265 247-01 261 246-84 264 246-99 
ENTIEUISU Soha dike co eis 260 246-70 257 246-53 259 246-65 
DEDLEMbCE- wees see kale eicd 251 246-49 247 246-32 252 246-37 
Octopers sy). MOE ae ala. oF 249 246-40 246 246-23 247 246-26 
Nowvemlber We. a. cae 2 247 246-33 243 246-16 248 246-14 
December. sans sas 4 247 246-53 243 246-36 2671 246-09 
, 216? 246-37 
1908— 
ONUAL Vek tates cc avoetiaacot 221 246-86 217 246-70 211 246-78 
MEDLUALY. cseeecas Bods «3 218 247-19 214 247-03 226 246-97 
Manchiee eee akc, goed 223 247-71 220 247-55 243 247 -32 
ADT, ee eed ee 281 248-24 277 248-08 2691 247 - 64 


1 First half of month. 2 Second half of month. 
45827—14 . 
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TABLE19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALON E—Continued 


Year and Month 


October. ois eee ness 


October. See ae 


Mctobers. bent eee ee 


October: hte e.s whee oe 


1 First half of month. 


Unregulated with 
actual diversions 
(from records) 


Elevation 
Discharge Ontario 
1,000’s (Oswego) 
of ¢.f.s. end of 
month 
(b) (c) 
292 248-54 
294 248-48 
289 248-14 
279 247-55 
264 246-79 
249 246-18 
239 245-72 
230 245-34 
203 245-23 
197 245-49 
211 245-94 
243 246-67 
262 247-23 
267 247-23 
264 246-99 
DSi 246-55 
245 246-06 
237 245-60 
225 245-28 
224 245-08 
198 244.98 
188 245-39 
214 245-86 
238 246-20 
249 246-44 
250 246-37 
247 246-17 
243 245-88 
232 245-54 
227 245-26 
221 245-02 
216 244-83 
194 244-81 
191 244-91 
197 245-20 
225 245-52 
232 245-63 
233 245-60 
232 245-36 
224 245-03 
215 244-75 
212 244-56 
213 244-56 
214 244-69 
192 244-81 
181 244-98 
189 245-71 
237 


246-57 


2 Second half of month, 


Unregulated with 
continuous diversion 


Regulated with 
diversion of 


of 8,500 c.f.s. 8,500 ¢.f.s. 

Discharge | Elevation | Discharge | Elevation 
1,000’s Ontario 1,000’s Ontario 

Ol les: end of of c.f.s. end of 

month period 

(d) (e) (f) (g) 

289 248-38 296 248-00 
291 248-32 309 247-71 
286 247-98 287 247-36 
276 247-39 269 246-86 
260 246-63 261 246-10 
245 246-02 238 245-59 
236 245-56 225 245-27 
227 245-18 2021 245-25 
2022 245-23 

201 245-09 202 245-11 
194 245-35 203 245-26 
208 245-80 204 245-76 
240 246-53 2061 246-34 
2292 246-76 

259 247-09 237 247-60 
264 247-09 283 247-36 
262 246-85 269 247-02 
254 246-41 255 246-57 
242 245-92 245 246-05 
235 245-46 233 245-61 
222 245-14 221 245-30 
221 244-94 2021 245-32 
2022 245-34 

195 244-85 203 245-14 
186 245-26 203 245-34 
212 245-73 205 245-89 
235 246-07 2091 246-21 
2222 246-46 

246 246-31 221 247-01 
247 246-24 250 246-91 
244 246-04 249 246-65 
241 245-75 238 246-39 
230 245-41 234 246-00 
224 245-13 226 245-70 
218 244-89 220 245-44 
214 244-70 2031 245-42 
2032 245-40 

192 244-70 203 245-24 
188 244-80 204 245-14 
194 245-09 203 245-33 
223 245-41 1941 245-67 
1982 245-98 

230 245-52 196 246-52 
231 245-49 224 246-57 
230 245-25 231 246-32 
221 244-92 226 245-93 
213 244-64 219 245-57 
210 244-45 209 245-38 
210 244-45 208 245-40 
211 244-58 2031 245-52 
2042 245-63 

191 244-74 205 245-58 
180 244-91 207 245-40 
187 245-64 205 245-91 
235 246-50 2021 246-55 
2312 247-00 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION CF LAKE ONTARIO 
ALON E—Continued 


Unregulated with 
actual diversions 


Unregulated with 
continuous diversion 


Regulated with 
diversion of 


1 First half of month. 
45827—144 


2 Second half of month. 


(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of ¢.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1912— 
10 TE ie Ee otc a ee ee 2h4. 247-08 253 247-01 242 247-65 
June. 269 247-17 267 247-10 276 247-63 
iLL RA: Rie Seek. AM ei 259 246-83 258 246-76 272 247-12 
PATA OTIS pee secskay, hoe Arai 253 246-52 252 246-45 249 246-84 
Septem berwwees osieaukene 248 246-27 246 246-20 249 246-55 
OCEODELE eae. et Shee 244 246-12 243 246-05 245 246-37 
ING ViETMUD Er Y ttt, jn cebu 242 246-09 241 246-02 252 246-21 
MECEMIDOEtetec seine ia es 244 246-31 242 246-24 2921 246-01 
2162 246-29 

1913— 
MANUAL Y tose cose koko 232 246 -63 230 246 -56 210 246 -87 
February 239 246-73 238 246-66 Doi 246-98 
March 234 247,-28 232 247-21 244 247-38 
April 273 247-91 271 247-84 2671 247-73 
2952 247-91 
Mayers coke tee oceans ance diane 278 248 -00 277 247-93 300 247-71 
June.. 281 247-92 279 247-85 291 247-49 
July.. 278 247-57 Od 247-50 274 277-18 
PRU OUST eid ere mary ae trate 266 247-02 265 246-95 259 246-70 
September..... en eae 253 246-51 252 246-44 250 246-21 
WCtODEE Mt sori coke 244 246-17 242 246-10 2370 245-93 
INGyemiber. Aus. .2 6d... 243 245-98 241 245-91 231 245-87 
December...... 240 245-75 238 245-68 2073 245-95 
212? 246-00 

1914— 
MADUATV Ca cts cic tee, 214 245-73 213 245-66 208 246-04 
February 202 245-77 201 245-70 217 245-88 
March 203 246-21 202 246-14 214 246-17 
April 250 246-85 248 246-78 220! 246-67 
2432 247 -02 
Wieiyae sta pee cs aki ot 257 246 - 93 256 246-86 249 247-18 
June.. 257 246-81 255 246-74 256 247-04 
July.. 253 246-52 251 246-45 253 246-73 
INOPUSt ac tome mee dash oe 246 246-21 244 246-14 243 246-44 
SVEYOUTENAN| OTST Os een orev ee een 241 245 -84 240 245-77 237 246-12 
WCLODEM I Teese cee kee 230 245-42 229 245-35 Beil 245-68 
INOW DOT tees ice ob cae 227 245-04 226 244-96 2a 245-37 
December...... 216 244-76 215 244-69 2031 245-29 
2022 245-23 

1915— 
MOUATN? te 4c ete ee net eae 199 244.84 198 244-80 202 245-25 
February 191 245-13 190 245-09 204 245-37 
March 208 245-15 207 245-11 205 245-41 
April 222 245-09 221 245-05 1961 245-53 
1982 145-64 
Maver: een eet ce 222 245-13 221 245-09 194 246-02 
June 221 245-12 219 245-08 203 246-22 
ULV tae ee aie 222 245-28 221 245-24 217 246-43 
SAEONIG Gea eey eee ue ch cence 228 245-44 227 245-40 227 246-58 
Septemibes. wears noah soe 229 245-31 228 245-27 236 246-36 
WCLODCR Waa e.acee so 225 245-05 224 245-01 231 246-02 
November oe. .a.508 te 219 244-86 218 244-82 224 245-76 
December...... 213 244.91 212 244-87 2061 245 -82 
206? 245-88 

1916— 
NANUAT Vise Se eee ee case lak. coke 205 245-23 204 245-19 207 246-16 
February 204 245-43 203 245-39 219 246-16 
March 201 245-93 200 245-89 222 246-38 
NTO Gell Mine das hr h Sen ee es 246 246-76 245 246.72 2251 246-92 
2502 247-30 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 


ALON E—Continued 
Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 c.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 

1916— 
EAC tk ote aba eters 262 247-49 262 247-45 262 248 -02 
RAIN CW ney eee ee tos 276 247-89 215 247-85 300 248-11 
Ulysse atts ergs oo obvoheles 278 247-64 277 247-60 298 247-60 
PATIOUSULS Mist cenan ct ce eee 267 247-02 266 246-98 268 246-96 
SepteMmibere saree nine es 254 246-37 253 246 -33 259 246-24 
October ease Lee eee 241 245-85 240 245-61 238 245-75 
INOVeMm ber Seen ack ance 231 245-51 230 245-47 226 245-46 
December. canner. ook 224 245-31 223 245 -27 2041 245-48 
2042 245-50 

1917— ; 

A Sohi Re nigh chr ic eecirees aan 204 245-17 203 245-13 204 245-35 
Mebruaryeneeenee oer ne 205 245-12 205 245-08 205 245-30 
Diam CR eh thy. eee. Yehaet anos 207 245-70 207 245-66 204 245-91 
PASS TI) Vee meee wn mee Ieee 243 246-38 242 246-34 2131 246-43 
2362 246-81 
IU tions Gee Tere ada 246 246-75 245 246-71 245 247-17 
RIUM Oreste oy aoe tive. hae 258 247-22 257 247-18 264 247-56 
liar luteal semen bocca eerie 269 247-40 268 247-36 280 247-60 
PATI SUS tiie eer Rr ceed eta 269 247-14 268 247-10 276 247-24 
Sepbemlbertwe seen ee 258 246-80 258 246-76 281 246-60 
MGtobersi aeeen eee 254 246-68 253 246-64 250 246-42 
iNovem bel: eyelet aes 251 246-57 250 246-53 266 246-12 
December irks ska ele ee 246 246-26 245 246-22 2591 245-87 
2072 245-95 

1918— 
d GNIYDERANVAM Beech b Ghote becvee pie 217 246-03 216 245 -98 208 245-83 
IRebruany eens cine e 22, 246-30 Ti! 245 -25 212 246-09 
Misa clay. he ace done eR 228 246-89 227 245 -84 220 246-77 
Sao] tik ERE Aes CAR AD. ee 259 247-15 258 247-10 2531 246-93 
2672 247-01 
WES Ean ae ORE Gy Re ae 261 247-07 260 247-02 262 246-91 
a RySevS is A RN cue Oe ae a 260 246-93 259 246-88 258 246-79 
BUNT Sy eB bareeeres “tev TAR cetera 258 246-64 257 246-59 259 246-48 
Jhb Vig VISA Gate SSN eee ums » 249 246-32 248 246 -27 249 246-16 
September aan ae een 244 246-10 243 246-05 242 245-95 
40) GLOW ET eMart ae ee 238 246-00 MEY 245-95 238 245-84 
INOvienlloer aoa 240 245-95 239 245-90 233 245-86 
Mecember,.uwsest ean 236 245-99 235 245-94 2071 246-06 
2162 246-20 

1919— 
RAMUS. oeeae aerate 226 246-00 225 245-96 210 246-40 
peony Se ka aL 222 245 -96 221 245-92 222 246-35 
(Mar clainei8: cites cionne ae 226 246-22 220 246-18 228 246-57 
PATI Ake aint ka eee 252 246-85 251 246-81 2441 246-92 
2622 247-17 
Miarined Ri Bh ag aeceiainin Bae 269 247-61 268 247-57 266 247-96 
UN CAief ae ose ae 279 247-85 278 247-81 306 247-85 
AULA hs: dye Meee Acoso 275 247-54 274 247-50 290 247-35 
AUC US tion’. pe stirs ol eter a Oe 267 247-10 266 247-06 263 246-95 
Ste) NASTICS ohn ka alan mab tee 256 246-60 255 246-56 260 246-39 
Octobers Sse cuss ee 246 246-23 246 246-19 241 246-08 
INOVEMber staal ase as 241 245 -92 240 245-88 234 245-84 
Deceniber syewieste aes 236 245-53 235 245-49 2071 245 -82 
2062 245-81 

1920— 
ANU fe. ernie esse 201 245-16 201 245-16 206 245-39 
Hiebruary se sqiser ate ae 192 245-03 192 245-03 205 245-09 
Marci i iusto tees 197 245-30 197 245-30 203 245 +29 
ENO es hte. pemeets ha eee 232 _ 245-57 282 245-57 2001 245-63 


: 2032 245-95 
1 First half of month. 2 Second half of month. 
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TABLE 19—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 


ALONE—Continued 
Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 
(from records) of 8,500 c.f.s. 8,500 ¢.f.s. 
Year and Month Elevation 


Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 


of c.f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 
(a) (b) (c) (a) (e) () (g) 
1920— 
INS Os AU hs on Pale bess 231 245-58 yh 245-58 206 246-26 
FATE?) science TENE co mc eR eS 230 245 -63 230 245-63 224 246-38 
TUL VAR estes 8 giants ies 234 245 -66 234 245-66 233 246 -42 
NU STUIBG Sh lee ie ee er 231 245-55 231 245-55 238 246 -22 
Sentemberasics eee 229 245-38 229 245-38 236 245-96 
WCCO DOL) et eae ie 226 245 -26 226 245-26 230 245-80 
INovemiber sage. cess ers 220 245-32 220 245 -32 226 245-79 
December Di 245-47 227 245-47 2061 245-99 
2152 246-14 
1921— 
Vanuarys seo ee cn ah eee 215 245-50 215 245-50 209 246 - 24 
February 210 245-62 210 245-62 220 246-23 
March 222 246-09 222 246-09 224 246-67 
ENT er ee A) 2. 2 eres Se 247 246-53 247 246-53 ye ae WA 
2 247-10 
INE A, ees Gere 2. edie ear eae 253 246-65 253 246-65 254 247 -20 
June 252 246-49 252 246-49 259 246-95 
“ths As aes iavevcace eer 247 246-15 247 246-15 249 246-59 
INU SUSU easier ds 2 238 245-68 238 245 -68 236 246-15 
oplomberaweee a eee aa. 228 245-27 228 245-27 228 245-74 
Octobers.w teh ee) 221 244-98 221 244-98 218 245-48 
INOVembDersneee ace a celee : 210 244-84 210 244-84 212 245 -32 
WD ecemiber.cemet eos. asi -- 215 244-78 215 244-78 . 2021 245-37 
2032 245-42 
1922— 
JANUAT Vetere en ati, 197 244.72 197 244-72 203 245-28 
EDIUAL MT eee ete oe ak 188 244-89 188 244-89 204 245-24 
Miamc limestones ceralacns 202 245-57 202 245-57 204 245-89 
BAT ley Ween. Waray Ss yatenz 244 246-30 244 246-30 oe an : en 
Mig aepae octet os ae et 250 246-65 250 246-65 244 247-3 
AUC SPAN Pores char teanene ch 263 246-83 253 246-83 266 247-39 
Dl yer te es MI eee tiie ree 258 246-74 258 246-74 265 247-21 
PAIS US ae ee nee ee tete ite 250 246-30 250 246-30 253 246-73 
Septemibermeseetoses vas 239 245-82 239 245 -82 244 246-19 
October mena... eats eT en 233 « 245-38 233 245-38 232 245-77 
INOVvembers nese nee 220 244-89 220 244-89 220 245-28 
Wecemiber ey weet meek 210 244-57 210 244-57 2021 245-17 
2012 245-07 
1923— 
Wantarvarinnnat sc aoe ees 190 244-48 190 244-48 200 244-86 
Till opgutchanswonnopoeed somes 188 244-60 188 244-60 201 244-81 
arc luge ect cree oS 199 245-04 199 245 - 04 200 245-11 
UN Tilia eevccs ante axa nee 220 245-47 227 245-47 ae aaa 
INE itera ts nents crs scpeeereyon 230 245-78 230 245-78 194 246-76 
RUNG eee cic erence cunts 236 245-86 236 245-86 231 246-91 
Lil iio Wyse ec peer aenanel eras 232 245-60 232 245-60 242 246-52 
PATIOS Ge noe iat een sere 226 245 +22 226 245 -22 229 246-10 
DODLCIMDET wh catch as oF 217 244-84 OT 244-84 222 245-66 
Octobersprceneeee cs 208 244-50 208 244-50° 211 245-28 
INovembenaq. seen cea 203 244-40 203 244-40 205 245-16 
Wecember jan sence nek es 206 244-62 206 244-62 201! 245-31 
2022 245-45 
1924— 
JANUALY sae ee 198 244-81 198 244-81 203 245-59 
Hebnuaiyveese te sore: 192 244-86 192 244-86 208 245-44 
Miarchieaen sea en ocntss 196 245-12 196 245-12 206 245-56 
IGS al booth ees uieeneoR ee 224 245-73 224 245-73 1891 246-08 


1 First half of month. 2 Second half of month. 
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TABLE 19.—EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALON E— Concluded 


Unregulated with 
actual diversions 


Unregulated with 
continuous diversion 


Regulated with 
diversion of 


1First half of month. 


2 Second half of month. 


(from records) of 8,500 ¢.f.s. 8,500 c.f.s. 
Year and Month Elevation 
Discharge Ontario Discharge | Elevation | Discharge | Elevation 
1,000’s (Oswego) 1,000’s Ontario 1,000’s Ontario 
of c.f.s. end o of c.f.s. end of of ¢.f.s. end of 
month month period 
(a) (b) (c) (d) (e) (f) (g) 
1924— 
AM gaye prensa eed 239 246-18 239 246-18 210 247-33 
June 242 246-24 242 246-24 253 247-25 
JULY tere ees See ete ia 242 246-12 242 246-12 248 247-05 
INTO Shiba: Ces Gees 239 245-83 239 245-83 238 246-77 
Septem ben. ..eeers 20h ta. 230 245-55 230 245-55 237 246-41 
WCCO MSI aac ees a 225 245-20 225 245-20 229 246-01 
BNOR SEAN OYS Weeosyus ae OAs oe 218 244-77 218 244.77 217 245-60 
December ees oe oe ee 208 244-40 208 244-40 2051 245-44 
203? 245-29 
1925— 

JANA focal okie aero 169 244-32 169 244-32 202 244-80 
TNCWTUALY sth pices ee eRe: © 176 244-80 176 244 -80 200 244-99 
March 201 245-40 201 245-40 202 245-58 
April 226 245-62 226 245-62 1861 245-93 
1942 246-23 

Voy ee eee hed es 228 245-53 228 245-53 191 246-61 
June 225 245 -32 225 245-32 214 246-53 
July BBs Ra accel Bonen teen ee 220 245-05 220 245-05 215 246-38 
PANO SUE tars bates cet hes 215 244-73 PALS 244-73 211 246-07 
September. atc. ae kins 207 244-44 207 244.44 208 245-77 
WChoObeineeo ts eee: 201 244-32 201 244 -32 201 245-65 
INOMEEADEE nie eras eines 205 244-43 205 244-43 197 245-86 
IDYXOSia0Y OLeICNA eres eae Succ 208 244-42 208 244-42 2071 245 -86 
2072 245-86 
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TABLE 20.—DETAILS OF COST OF WORKS FOR REGULATION WITH COMPLETE CONTROL OF 
ST. CLAIR RIVER 


Control Structure Item Quantity Unit Unit Cost 
price 
‘ $ cts: $ 
Pt. Edward Bypass..... Canal et beats. XC aatIONn < eak..hteentees 7,800,000] cu. yd. 1,560,000 
PrOperty CaIMAges «Lal taste ce ee eee aici eo x muactnere 150,000 
Railroadihanges sseetsnaen oer ook eae cnee ; ie 50,000 
eC SULAt NEI WOL Ke accra Paeeleee seer ame Meee a tiore lence reel TOME « enuar mia a etibie ists ae 650, 000 
; 0 F 2,410,000 
Engineering and contingen- 
ClESt pide eee aces 1597 ls oe eee ae 360,000 
2,770,000 
Stacvisland’...5 canteen san Regulating works....... Woncretes Bacon eae 21,500] cu. yd. 15 00 322,500 
Riprapeceiccsenie ableraass 5,050 ¢ 3 00 15,150 
Pilestee Awe Sroka asaeconte 72,000) lin ft. 0 85 61,200 
Cofferdam and pumping. . 2,500 s 240 00 600, 000 
Gates and superstructure..| 2,045,000 lbs. 0 08 163,600 
Operate) MAachinerysc.on. com eee oa esses etek eteee 30,000 
Longitudinal dike....... Rock (low dike).......... 134,000] cu. yd. 2 50 335,000 
iohy dike 2 Sonn anes s ste 17,200} lin. ft. 175 00} 3,010,000 
Sinan Wn, ate ee 12,200 i 210 00} 2,562,000 
Channel protection...... RAPPAD dee Morse wees 850,000} cu. yd. 2 00} 1,700,000 
8,799,450 
Engineering and contingen- 
ClES an eek eee 6 BA iron 0 Ann AN her ee es 1,320,550 
10, 120,000 
Woodtick Island........ Regulating works....... Concereteck ana eee 25,500) cu. yd. 15 00 382,500 
IRIPTAD hess cee ae aa ee 6, 000 ¢ 3 00 18,000 
Gates and superstructure..| 1,175,000 lbs. 0 08 94,000 
Operating vmachinery:.son. cree eee leat en teste 40,000 
(Piling: Sab eenieelle irene 73,000) lin. ft. 0 85 62,050 
Cofferdam and pumping. . 3,000 “ 210 00 630,000 
redoing er ao, ees 150,000) cu. yd. 0 50 75,000 
Longitudinal dike.......|High dike................ 12,300} lin. ft. 128 00 1,574,400 
Channel protection...... Riprap aac 2 ca meee 183,000] cu. yd. 2 00 366,000 
. 3,241, 950 
Engineering and contingen- 
Closer AA Re TR eee 1 Bie ae alan eet more cay har cer vee 488,050 
3,730,000 
St. Clair Delta Control.| Regulating works....... Wiaiterialeene wrccciain sacar ecm t ee |e cotemete. Phe astat oA cae 593,000 
Excavations cee en mete wee 4,400,000} cu. yd. 0 25) 1,100,000 
PVOpervy GamMasegn nas te altot. en aaitl vce oe, INE Ries os 80,000 
Channel straightening...|Excavation............... 11,200, 000 C 0 25} 2,800,000 
Wand amie e serait aes ats leet ee te leer ictal | Recor Aen oe 81,000 
Connection with middle 
. and north channels...}Excavation............... 1,020,000 & 0 25 255,000 
Channel protection...... IRTORaDateerescrers are 220 000 & 2 00 440,000 
5,349,000 
Engineering and contingen- 
Cleat aan t Wee eae LOO Gel ice. < Pars cero ees 801,000 
6,150,000 
Niagara River.......... Longitudinal dike.......|Crib dike................. 4,000) lin. ft. 160 00 640,000 
Cofferdamiarrn 200 pce: a MU Ene. Dtcae tis oe 4,000 By 160 00 640, 000 
BeAb be ay SDE Oe), eh ten eae cil SS GES IA pens Good c eRe Seine 100, 000 
Channel enlargement....| Dry rock excavation......| 3,450,000} cu. yd. 1 75 6,038,000 
Wet rock eacavation...... 850,000 “ 400} 3,400,000 
Waterworks intake...... TREO CALTON Fe crpears ty cestits arelosl Nites Ga aiaies rere, arc cvatoceveact| lao wrakot rales 60,000 
RegiwlavimeewOr kets re ccellecciceve cares cette aae eaeonl hrenestey store’ [tithe oatees ae ee eters ta 990, 000 
11,868,000 
Engineering and contingen- 
CIES ase aoe ar TiS oll esas) sentation line raise eer 1,782,000 
13, 650,000 
Total Cost for Com- 
aN OLe Hae Wall la crens aera Ulich, Sbearecraai nahi tent dR Ne NSE Tate: PS Goya ie Meat ies MOAI? AP eet Oh me Iam cies Art | reece aa 36,420,000 
Detroit River—Not used........ Controliworks:westol ‘Grosse Isle..2u. see seiens sine a yas bree $ 839,000 
Control works east of Fighting Island....................-... 1,070,000 
Longitudinal dike on bar near upper end of Grosse Isle....... 1,020, 000 
Control works, Grosse Isle to longitudinal dike.............. 766, 000 


$ 3,695,000 
Engineering and contingencies 15+%......cccccccesecsecceers 555,000 


$ 4,250,000 
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Period in Thousands of Second Feet. 


Regulated Discharge of the St.Lawrence River for the. 
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PROPOSED REGULATION OF LAKE ONTARIO 
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DISCHARGE FOR YEAR 
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LAKE LEVELS DURING 
NAVIGATION SEASON APRIL 15,TO DECEMBER 15. 
PERIOD 1861] - 1925 


To accompany Report of Joint Board of Engineers 
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APPENDIX C 


DETAILED PLANS AND ESTIMATES FOR THE IMPROVEMENT 
OF THE ST. LAWRENCE 


UNIT COSTS 


1. The extended study made by the Board of the probable cost of the 
works has led to the adoption of unit costs in the several sections as follows:— 


_ 2. THousanD IsLanps Section. The material to be excavated is principally 
granite rock, and practically all excavation is subaqueous. The basic unit cost 
is taken as $10 per cubic yard for excavation with a cutting face of at least 
4 feet, suitably increased to cover the proportional amount of excavation having 
a less cutting face, and further increased to cover the cost of transporting the 
plant to and from the work. 


3. INTERNATIONAL Rapips Section. The material overlying rock in this 
section is generally a mixture of clay, sand, gravel, hardpan, and boulders. The 
swifter portions of the river, where most of the dredging is to be done, is 
generally paved with boulders. 


4. MATERIAL For Concrete. Crushed rock can be obtained from quarries on 
the American shore between Gouverneur and Potsdam, with a rail haul of from 
30 to 50 miles; from quarries north of Cornwall, with a short rail haul, or by 
water from the Thousand Islands region, with about 100 miles haul. It is 
doubtful whether the rock obtained from excavation will be suitable for con- 
crete, since the borings show that it contains shale. 

5. Sand can be obtained from extensive deposits north of Prescott. The 
river bed above Ogdensburg, and sand and gravel pits which may be developed 
in the vicinity of the work, offer possibilities of alternative sources. 

6. Unir Prices. Considering the nature of the material to be excavated, 
and the sources of the material for concrete, the following basic unit prices are 


used :— : 
Per Cubic Yard 


Eixcavation:, earth, diriasrras «tetewiers » atveys pieces eae eke ope stale ete rei ere Se AOD 
Dredsings OLMere Chane rOCkss.. Sole amittels locMes atid tas hid teres atshle ek 90 
NOC ML VIPAT Re Meee e Ree ele er ne etme eae ole eens coial Sie ere $1.60 to Lines 
Dede inc CAN OCK ING AIGe Aus.s othe ads. Peek SAR RO ELE hs ee eee 4 25 
Embankments tby United States, Section, ic. « series brs + peru Ade) 75 
Pmibankments| by, Oaladtam section! trata scsias «aceasta. vc 90 and 60 
Wonerete Mass, LIN’ LOCKE ELE ets Jars Shae aclte asi aate a oat eae ae 10 00 
Concrete. Massa odamsrmae a intcseccnrat onc cue oie creer terse es hence. oe 12 00 
Concrete minass in powermnOusei ns. are va kaso clseie se een = ceeeleciars 15 00 


The basic prices for excavation and fill are departed from when the special 
conditions, such as the disposal of excavated material, indicate that different 
prices should be adopted. f 


7. Lake Sr. Francois Section. On account of the nature of the material to 
be excavated in this section, and the disposal areas available, the unit price 
taken for soft mud overlying sand and gravel is 55 cents per cubic yard. 

8. SOULANGES AND LacHINE Sections. In the Soulanges Section the bulk of 
the material to be removed is marine clay. This material can be easily excavated 
by hydraulic dredges where conditions permit the use of such plant. The unit 
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prices adopted for the excavation of marine clay in this section varies from 
35 to 55 cents per cubic yard, depending upon the conditions of disposal. The 
unit prices adopted for the removal of boulder clay is 65 cents per cubic yard. 
The unit price for excavation of rock, dry, is taken at $1.60 per cubic yard. 


9. In the Lachine Section the overburden is largely boulder clay, and the 
price adopted for earth is 65 cents per cubic yard, that adopted for the excava- 
tion of shale rock is $1.20 per cubic yard, dry, and $3 per cubic yard, wet. Other 
rock is at $1.60 per cubic yard, and $4.25, wet. 


10. The work proposed in the Soulanges and Lachine Sections involves 
the excavation of large amounts of solid rock. Much of this rock, when crushed 
and washed, will be suitable for concrete. Sand can be obtained from deposits 
near the mouth of the Chateauguay river and in the Lake of Two Mountains. 


11. On account of the ease with which rock and sand can be obtained in 
these sections, the unit price for concrete is taken at $1 less per cubic yard 
than in the International Rapids Section. 


12. FLowacr. In compiling estimates of flowage damage, a detailed field 
examination was made of all properties affected. Liberal allowances were made 
in all cases, and due cognizance was taken of severance and other disabilities 
which owners might suffer by execution of the work proposed. No allowance 
has been made for water rights, but the values of leases of water-power on 
Government canals has been included in the estimates under the terms of sur- 
render provided therein. 


NAVIGATION STANDARDS 


13. CHANNELS. In general, navigation channels are not Jess than 200 
feet bottom width when flanked by two embankments, not less than 300 feet 
when flanked by one embankment, and not less than 450 feet when both sides 
of the channel are submerged. 

In cases where navigation is carried through restricted stretches of river, 
a sectional area of 65,000 square feet is provided at mean stage. This is equi- 
valent to a sectional area of about 70,000 square feet at high stages, and a 
maximum velocity somewhat less than 5 feet per second in such channels. In 
general, maximum velocities and channels 450 feet wide are used only in short 
stretches of river where the view is unobstructed and where cross-currents are 
not encountered. The minimum radius of curvature adopted is 5,000 feet with 
at least one-quarter mile of tangent between reversals. The alignment is drawn 
so as to eliminate cross-currents wherever possible. 


14. Bripces. Bridges are designed to afford a least horizontal clearance 
of 200 feet at right angles to the channel, except where located at locks, where 
they span the entire channel. All bridges crossing the channel are drawbridges. 
In general, the draws are of the vertical lift type. The estimates are based on 
a lift affording 120 feet clearance, corresponding to the bridges in the New 
Welland Ship canal, but the clearance can be increased at any time at relatively 
small cost. 


15. Locks. As stated in paragraph 113 of the Main Report, the locks con- 
form in dimensions with those of the new Welland Ship canal, and have chambers 
859 feet in length between inner quoinposts and 766 feet between breast wall 
and fender. Their clear width is 80 feet and the depth on the sills 30 feet. The 
general design of a typical lock is shown on Plate 1, Appendix C. 
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Power-Hovusrt DeEsIGn 


15. The design of power-houses, for the large flow and varying heads on 
the St. Lawrence, was gone into with care. The conditions in general on the 
river call for power units of larger dimensions than have yet been built, and 
the Board recognizes the uncertain trend of present practice with regard to 
draft-tube design. 

17. The Board established certain dimensional ratios and _ stability 
coefficients conforming to current practice. From tentative designs, a curve 
of quantities was prepared and is shown on Plate 2. This method of pro- 
cedure secures a correct comparison between projects and safe estimates gen- 
erally. 

18. The prices used for power-house equipment are derived from curves 
prepared from many direct quotations coupled with actual prices of equipment, 
recently installed in power stations. (Plates 3-8.) 


19. Dyxes.—The standard design for dykes adopted by the Board is shown 
on Plate 9. 


ADMINISTRATION AND CONTINGENCIES 


20. To cover the costs of administration, engineering, and contingencies, 
a percentage of about 124 per cent has been added to all estimates, including 
the estimated costs of power-house machinery. 

21. The foundation conditions at the various dams cannot be definitely 
known until the sites are unwatered. The estimates are based on founding 
the structures from 3 to 8 feet below the rock surface indicated by the borings, 
besides providing a heel trench of ample dimensions. To cover the contingency 
that, when a site is unwatered, suitable foundations will be found at a some- 
what lower elevation than is indicated by the borings, a special allowance of 
10 per cent of the quantity of the concrete as computed on the above basis, 
has been added in case of each dam. 


Datum PLANES 


22. The datum plane used in all plans west of Summerstown on lake St. 
Francis is mean sea level New York Harbour, United States 1903 adjusted 
levels, and the datum plane used in all plans east of that point is that of the 
Georgian Bay adjusted levels. The zero of the Georgian Bay adjusted datum 
is 0.30 foot below the Georgian Bay instrumental datum used in many pub- 
lished water-level records, and is 0.30 foot above United States 1903 adjusted 
datum at Ogdensburg. 


THOUSAND ISLANDS SECTION 
(Mile 0 to Mile 67) 


23. As explained in the Main Report, the St. Lawrence river between Tibbetts 
point, at the outlet of lake Ontario, and Chimney point, at the foot of the 
section, is wide and deep for the greater part of the 67 miles embraced in the 
section. At numerous places, however, granite reefs endanger navigation. For 
a length of about 7 miles through the Alexandria bay narrows and for a length 
of about 34 miles through the Brockville narrows, the river flows through a 
rocky gorge with an average velocity of about three feet per second, over a 


solid rock floor 150 feet below the surface at many points, 
45827—16 
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24. In this reach there are on the average about 200 hours of fog in the 
navigation season. Navigation through these two narrow stretches of river 
will be hazardous for the larger ships if a fog should close in while making the 
passage, since they cannot anchor on account of poor holding ground. In 
accordance with standards adopted, the minimum width of channels shown in 
these stretches is 450 feet. To enlarge the channels to a width of 600 in the 
Alexandria bay and Brockville narrows would be exceedingly expensive on 
account of the amount of solid rock requiring removal. To provide separate 
up and down channels would be less costly. 

25. If found to be necessary, a series of landing cribs can be built along 
the north side of the channel at some of the points where solid rock is exca- 
vated. If this were done ships could reverse their engines and moor to these 
cribs on the downstream voyage should visibility be unexpectedly interfered 
with. As there is some doubt as to the necessity of these provisions and as 
landing cribs can be added when required, they are not included in the plans 
attached to this report. 

26. Plans of the portion of the section in which the work is located are 
shown on plates 10 to 16. 

27. The detail estimates of the excavation are as follows:— 


CHANNEL 25 FEET DEEP 


Eixeavation, rock, 164,000Vcws ydstatiol2s50) eepistet miei e ada) e oho ee $ 800,000 
Overdepthy 12. 000ReuLGydsscateol2.o mee eres Were a ee 150,000 
Administration, inspection, and contingencies 12% per cent .. 119,000 

AL OG AT ie 2 beste tees Oe Es aa cea ey oho ree en SLE $1,069,000 
Rounded total hive. sl tee oeeia Satie. ce eee aacle 1,100,000 
CHANNEL 23 FEET DEEP 

Hxcavation rocks), 41000) cu.) yds.tat, $13.2 Duel eek. ek onlatiee one 543,000 
Overdepthe 740 0kcuryds sat $13: 254s ait. tee eee eee 98,000 
Administration, inspection, and contingencies 124 per cent .. 80,000 

LOUALS ie eaucirs vo we sehen dens We tigi eat as este ee $ 721,000 
Saving in cost under channel 25 feet deep .........-..000008 348,000 
CHANNEL 27 FEET DEEP 

Lxcavations, vock,-96,000neus yds wataolo 00 wee riatan hielo oe 1,152,000 
Overdepth, 173500 curydsrat- $1200 Ate, ears, Jee ee 210,000 
Administration, inspection, and contingencies 12} per cent .. 170,000 

My. ORAL Ns Weim e ee ip Sere Chae. Beh, cid SRR: oo cee eee’ $1,532,000 
I:xcess cost over channel 25 feet deep ...........eeeecceecee 463,000 
ENLARGEMENT OF CHANNEL FROM 25-FOOT DEPTH TO 30-FOOT DEPTH 

Hucavation: rock, 98,500 cu. yds. at) $12.00) = eee ee oe eee $1,182,000 
Overdepth, 2) MOOMCTUM Ndse abr eT 200N a aCe. ne, Gas 309,000 
Administiation, inspection, and contingencies 124 per cent .. 190,000 

OGL easier ence ee hare eRe Ae ae ee Gee ea $1,681,000 


INTERNATIONAL RAPIDS SECTION 
(Mile 67 to Mile 115) 


28. Derattep Description. At Chimney point (mile 67) the first marked 
contraction of the river occurs. A fall of 0.5 foot takes place in the passage 
through the chain of islands which here cross the river. Two and one-half 
miles downstream the river enters the Galop rapids, lying north and south of 
Galop island. There is 4 fall of about 8 feet through these rapids. From the 
foot of the Galop rapids (mile 73) to the head of Ogden island (mile 82) 


? 
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strong currents are found, particularly at the contracted sections at Sparrow- 
hawk point, point Iroquois, point Rockway, and point Three Points. The fall 
from the foot of the Galop rapids to the head of the rapide Plat, at Ogden 
island, is about 12 feet; and through the rapide Plat about 11 feet. From 
the foot of the rapide Plat, at Morrisburg (mile 85), to Weavers point (mile 
92) the river is generally contracted, with strong currents and a fall of approxi- 
mately 5 feet. It then flows through a fairly broad reach with small slope, 
to the head of Croil island (mile 95). There are strong currents, and a fall 
of about 4 feet, through the contracted channel north of Croil island, known 
as the Farran Point rapids. The river then flows four miles with moderate 
current and slight slope to the head of the Long Sault rapids (mile 102). The 
Long Sault rapids, with a fall of 30 feet, are the most formidable in the sec- 
tion. From the foot of these rapids to the town of Cornwall (mile 111) the 
currents are strong and the fall about 15 feet. The total fall through the 
section is 92 feet at mean river stages. 


29. Present NavicaTion. Present upbound navigation passes around the 
rapids through a series of lateral canals; the Galop canal around the Galop 
rapids and the swift water above the town of Iroquois; the Morrisburg canal 
around the rapide Plat; the Farran Point canal around the Farran Point rapids; 
and the Cornwall canal around the Long Sault rapids and the swift water 
below them. Downbound commercial navigation runs some of the rapids, and 
some passenger boats run them all. 


30. Town AND Vinuaces. The Canadian towns and villages on the river 
bank in this section, which will be affected by the improvement, are as follows:— 


Population 
Gardainalliniileip dS Uwe ess hor ettd ok. lke tore eRe AS chee ha te eats Rea anode 1,241 
rOGUOISe File [AL Giger = Sheets soda RISE © AES tie She keep cctnanhae ar oa aateerts 916 
AVORRIS DUCE HILO Sic. tri ptne suede ile ace ous toecat ls son caqee ahh ote i aah clea 1,381 
Jarl Bocaralllivers ciaawilkes SO Va), eer oo te ak tial Cats eh eeuet Paani ak San a laeae ear ABM are Ae 350 
EaGrame 2 Oinite tin ee OTe pae wy eto eee e. hee le ieteettes tn Es eA Ian FT 296 


31. Dwellings and farm buildings are located along the river bank through- 
out the section. 

32. The town of Wales, population 250, lying on Hoople creek about a mile 
from the river bank, is below the maximum level to which the water surface 
could be raised. 

33. The villages of Moulinette and Mille Roches (population 829) are 
located on Bergen lake, and will be affected if the level of that lake is raised. 

34. On the United States side, the only town directly affected is Waddington 
(mile 83), most of which lies well above the maximum level to which the water 
can be raised. A small collection of houses known as Louisville Landing (mile 
95) is located at so low an elevation as to be affected by any substantial rise 
in the river levels. In general, however, dwellings and farm buildings on the 
United States shore affected by the raising of the river levels are far less numer- 
ous than those on the Canadian shore. 


35. Pres—ENT Power DEVELOPMENTS. Water leases have been issued by the 
Department of Railways and Canals of the Dominion of Canada as follows:— 


Cfs. 
From the Galop Canal— 
Ne Oardinal « (Ganadam Starch. COM matter at. teks eebedtepalsteyaie oie 660 
INGLY OOUGLS Sees ae ew Cas eae Pane Tt. Sarees ones 329 
MromethoeMorrisburce Canals erekrae puis bla attenwent Laer oits chaos ctr eels cyte 3 1,630 
From the Cornwall Canal— 
At foot of Bergen Lake (St. Lawrence Power Co.) ............ 1,000 
pA Connmiwalliee acpbitndls a hesatts Set Soe e hie bk eee AMS Tek. Oe. SLs 1,331 


45827—16} 


244 St. Lawrence Waterway Project 


36. On the United States side, a major diversion of water is made by the 
St. Lawrence River Power Co. through a power canal which leads from the 
river near the head of Long Sault island (above the Long Sault rapids) to the 
Grass river at Massena, where the power works are located. The water is 
discharged through the Grass river into the south channel of the St. Lawrence 
at Cornwall island. With the enlargement that has been made in the Grass 
River channel, the effective summer head at the power plant is a little more 
than 40 feet. ‘The installed capacity at the power plant is reported as 86,000 
horse-power. 

37. Under an order of the International Joint Commission, dated December 
6, 1922, the diversion at Massena is limited to 25,000 cfs. except when, in the 
opinion of a board of control constituted. of two engineers, one appointed by 
each country, the diversion of a larger quantity will not injuriously affect 
navigation. 

38. The average diversion through the Massena power canal at the present 
time is about 23,000 cfs. during the summer months and 16,000 cfs. during the 
winter months, the flow being reduced during the latter period to secure and 
maintain an ice cover over the power canal, in the interest of operating con- 
ditions. 


39. PLANS FOR IMPROVEMENT. As explained in Appendix E on ice forma- 
tion, paragraphs 10 and 11, several special features must be met. in the improve- 
ment of the St. Lawrence river. The river valley is shallow and restricted for 
many miles below Galop rapids, and water levels above the Galop Control 
are subjected to uncontrollable oscillation due to changes in barometric pressure 
and wind. <A typical fluctuation of levels which barometric changes set up on 
the St. Lawrence is shown on plate 25. Property values along the shores of 
lake Ontario prevent water levels being raised high enough to secure useful 
ice covers between Chimney point and Morrisburg without extensive enlarge- 
ments of the channels. 

40. East of Cardinal, the general elevation of the land near the river is 
below the level of lake Ontario. Nearly all the towns and villages in the dis- 
trict are located on this low strip of territory and any substantial raise in the 
water levels will require readjustments at these towns. 

41. In this section solid rock outcrops at several points, but is at a suit- 
able elevation for foundations of dams and power houses at only a few places. 

42. For the improvement of the International Rapids section of the St. 
Lawrence, the Board has closely considered the following general forms of 
improvement :— 


(1) Full single-stage schemes with the Long Sault reach at maximum 
level and a free navigation channel at Galop rapids. 

(2) Two stage schemes with an upper dam and power houses at either 
Ogden island or Crysler island, and with a lower dam and power houses 
at Barnhart island. 

(3) Partial single-stage schemes with lock and control dam at Galop 
rapids and the Long Sault reach held at nearly maximum level with 
a long free spillway. 


43. In each of these foregoing forms of improvement, navigation is pro- 
vided by means of side canals and locks past the dams. 


44. Fuuit Srncue-stace Puan. As shown in paragraph 144 of the Main 
Report, the design of full single-stage projects can be varied in several ways. 
The dam at the foot of the section can be built in different locations, navigation 
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channels at Galop rapids can follow a number of routes, and channel enlarge- 
ment between Lotus island and Morrisburg can be made by widening present 
channels or excavating new ones. 

45. A full-stage project with navigation channels north of Galop island 
and a dam at the foot of Barnhart island has been drawn up by the United 
States section. It will be referred to as Project No. 1-242. This plan is typical 
of what can be done with a single-stage development as regards cost and power 
capacity, but can be modified in a number of particulars. It is shown on plates 
17 to 24. The estimated cost is $235,000,000. Detail estimates will be found 
in table 1. 

46. The chief works in this project are as follows:— 

(a) A free open channel for navigation north of Galop island with con- 
trol gates in the channels north of Adams island and south of Galop 
island, 

(6) Such channel enlargement between Lotus island, at the foot of Galop 
rapids, and Morrisburg as is necessary to give 95,000 square feet 
sectional area at ordinary operating levels. 

(c) A dam with United States and Canadian power houses at the foot of 
Barnhart island. These directly control the level of lake Ontario. 

(d) A side canal with two locks for carrying navigation past the dam and 
power houses. 

(e) Such embankments and drainage works as are required to protect the 
villages of Iroquois, Morrisburg, Aultsville, Farran point, Dickinson 
landing, and Wales from the raised levels of the river. 

47. At Galop rapids all the river enlargement deemed to be necessary 
is made in one central channel. The approach channel has a bottom elevation 
of 215. It is carried through the upper end of Galop island, with a width of 
800 feet and bottom elevation 210, and downstream with a width of 600 feet 
and same depth along the north Galop channel to below Lotus island. The 
channel at the foot of the rapids south of Lotus island is also enlarged. 

48. In the present north and south Galop channels, piers with Stoney 
sluice gates are placed. These gates are 50 feet in width and the sills conform 
generally to the natural rock surface which crosses the river at this point. 
Similar gates extend across a portion of the approach to the central channel, 
leaving a clear opening of 500 feet with sill at elevation 215. palpye 

49. Under the proposed program for the regulation of lake Ontario, it is 
necessary, in about one year out of six, to discharge water at an excess rate 
during the first part of December, with lake Ontario at relatively low level, in 
order that the subsequent outflow during the winter may be restricted without 
incurring the danger of excessively high levels in the spring. The maximum 
requirement at such times is a discharge of 310,000 cfs. with lake Ontario at 
elevation 246.5. Under such conditions the fall at the Galop from Butternut 
island to the foot of Lotus island is computed by the United States section to 
be 3.25 feet, and the maximum velocity in the navigation channel, at the pass 
through the contraction works, at about 6 feet per second. 

50. At Sparrowhawk point, Toussaint island, Rockway point, and other 
places between Lotus island and Morrisburg, river enlargements are shown. 
These are designed to give 95,000 square feet at river elevations corresponding 
to water level of 246.5 in lake Ontario and 210,000 cfs. flowing in the river. 
By the regulation of lake Ontario as submitted in Appendix B, the January 
discharge will give an average velocity of 2.25 feet per second in this reach. 

51. Dykes are shown in front of the villages of Iroquois, Aultsville, Farran 
point, and Wales, and also in front of the town of Morrisburg. On both shores 
of the river from Weavers point to the power houses and dam at the foot of 
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Barnhart island, the line of dykes shown is almost continuous. The crest of 
the dykes is placed at 254.5 east of Weavers point and somewhat higher west 
of it. The tops of the dykes are 54 to 7 feet above the maximum level of lake 
Ontario. 

52. The main dam and the United States and Canadian power houses in 
this project are at the foot of Barnhart island, just below a very deep narrow 
gorge in the river at this point. They are in a straight line and founded on 
rock which varies from elevation 104.0 to 113.0. 

53. The elevation of the water surface at this point in summer is 159.7 at 
mean stage. In winter it rises quite frequently to elevation 180 and levels as 
high as 190.0 have been recorded on a number of occasions. The sectional 
area of the river at the site of the dam is about 38,000 square feet at mean 
stage, but about one mile above it is much less and the high velocities gener- 
ated by this restriction carry through the part of the river where the dam is 
shown, 

54. The open cofferdam method is intended to be used for all the work at 
this point, but should it be decided to use the pneumatic process for the dam 
section, the estimate will not be materially increased. 

55. The dam is found on rock which has been found to be about 51 feet 
below water level at this point. It is 2,975 feet in length. It is provided with 
46 Stoney sluice gates, 50 feet in width by 25.5 feet in height, with sills at 
elevation 223. .The piers between the gates are 15 feet in thickness. The dis- 
charge capacity of the sluices is sufficient to pass the maximum flow occurring 
at minimum pool level. The depth of the foundations permits of a design in 
which the energy of the falling water will be dissipated in the pool at the toe 
of the dam, without danger to the structure. 

56. Power Houses. Two power houses are shown at this dam; they are 
at either end and in line with the dam. Hach is 1,750 feet in length, and is 
capable of housing 22 main units and 3 auxiliary units. The main units are 
designed to deliver approximately. 54,000 horse-power each at full summer 
head of 85 feet. At the predicted winter head of 75 feet, their capacity will be 
about 45,000 horse-power each. Sluices to carry off ice and trash are to be 
provided at the shore ends of the power houses. Both power houses are located 
outside of the main river channel. The solid rock surface on which the United 
States power house is to be built is about 55 feet below the water level of 
the river in summer and 75 feet below the water level in winter. The Cana- 
dian power house will be on rock from 10 to 50 feet higher. 

57. A spur from the New York Central Railroad (Ottawa Branch) as 
diverted will run to the United States power house. A spur from the Canadian 
National Railway will run to the Canadian power house. 

58. An alternative site for a dam and power houses at this locality is 
presented in the plans submitted in 1926 by the Frontier Power Corporation 
to the state of New York, and is indicated on plate 22. This site is at Hawkins 
point, about one-half mile upstream: from the site above described. The 
foundation rock under the shore here hes from 5 to 15 feet lower than at the 
site downstream, but requires further exploration. The unwatering program 
proposed at the Hawkins point site is to divert the river through a channel 
excavated through Hawkins point. The dam as finally constructed will extend 
across both the diversion channel and the natural channel. Parallel estimates 
with a dam and power house at this site are given in table 2. 

59. As pointed out in the Main Report (par. 144), the dam can be located 
at the head of Barnhart island and the power houses at the foot of that island 
if the foundation conditions at either site above described are regarded as unduly 
difficult. The estimates of cost with this arrangement are given in table 3. 
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60. The side canal used for carrying navigation past the dam at the foot 
of Barnhart island crosses over a tongue of land between Robinson bay and the 
mouth of the Grass river. It has two lft locks, but no guard lock. The lift 
of the upper or Robinson bay lock is about 42 feet and that of the lower or 
Grass river lock about 46 feet. The foundation of both these locks is carried 
to solid rock, which is at elevation 122 at the upper lock and 105 at the lower 
lock. The upper lock of this side canal is to be equipped with duplicate gates, 
fender chains, and an emergency wicket dam. An upper entrance pier 1,200 
feet long is provided on one side and an entrance embankment 1,500 feet long 
on the other side. 

61. To afford a straight river approach to the lock at Robinson bay a 
channel 450 feet wide is excavated across the point of land above the entrance. 
The Robinson Bay lock has its upper gate sills at elevation 207, lower gate sills 
at elevation 169, main coping at elevation 251.5, and lower coping at elevation 
204. 

62. The Grass River lock has its upper gate sills at elevation 169, lower 
gate sills at elevation 122, main coping at elevation 204, and lower coping at 
elevation 160. The upper and lower gates are in duplicate, and an unwatering 
gate is provided at each end of the lock outside of the service gates. No emer- 
gency dam is provided for this lock, since in the event of the failure of the lock 
gates the pool would be nearly drained by the time that the dam could be 
closed. 

63. Water to maintain the level of the pool between the locks is to be sup- 
plied through an auxiliary culvert in the walls of the upper lock. To prevent 
rise in the pool, a waste weir is provided adjacent to the lock. Normal regula- 
tion of the pool is provided by 8 sluices, with sills at elevation 194, closed by 
crest. gates 15 feet in width. Under these lie 8 submerged sluices, closed by 
gates 15 feet by 11.5 feet. These are to be operated only if ever necessary to 
discharge the great volume of water, estimatd at around 60,000 cfs., which 
would result from a failure of the gates of the upper lock. The fall from the 
intermediate pool to the mouth of the Grass river is divided into two drops 
at the waste weir, the crest of the lower drop being at elevation 154. The 
waste weir is designed with pile foundations with a concrete cut-off wall extend- 
ing to rock under the upper and lower weirs. 

64. To prevent currents caused by a flood in the Grass river from inter- 
fering with the approach to the lower lock, the mouth of the river is to be 
straightened by a compensating channel, and separated from the lock approach 
by a rock dyke. 

65. The Ottawa branch of the New York Central railroad is to be diverted 
from its present crossing of the south Cornwall channel to a crossing immedi- 
ately below the lower gates of the Grass River lock, where it will cross the 
canal by a bascule span. It will rejoin the present line by a cantilever span 
over Pollys Gut. 

66. Highway connection with the United States power house, and to the 
land north of the canal, is to be afforded by a ferry across the intermediate 
pool, in order to avoid an additional bridge over the canal. 

67. The winter operation of power plants with the completed plan is based 
on the creation of an ice cover extending from Lotus island to the power houses 
at Barnhart island, but with an open channel, 34 miles in length from Butternut 
island to the foot of Lotus island. The area of open water to be expected is 
about 1.8 square miles. If the accumulation of floating ice to be dealt with is 
limited to that produced in this open reach, no material gorging can occur. 
Temperature measurements show that the mean temperature of the water, as 
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it leaves the present ice sheet above Ogdensburg and Prescott, is slightly above 
the freezing point, and the amount of ice manufactured in this open reach will 
be reduced in consequence, since the water must be chilled to the freezing point 
before the manufacture of ice can begin. 

68. To insure the conditions above outlined, the continuity of the ice sheet 
above Butternut island should be maintained, in order that an ice jam may 
not form at the foot of the relatively fast water through the Galop channels. 
At the present time the ice sheet between Ogdensburg and Prescott is broken 
up by the powerful car ferry which operates between the two towns, in order to 
assure the lane required for the ferry operation. At the present time, the ice 
so broken out is carried by the current through the entire section, adding to the 
great accumulation of ice which forms at the foot of the section. After the 
river has been improved, and an ice sheet has formed to the foot of the Lotus 
island, the breaking up of this ice may become a more serious matter. Proper 
control should therefore be exercised over the ferries to prevent them from 
making ice conditions worse than they would be if nature were allowed to take 
its course. 

69. Between Chimney point and Butternut island, the ice situation is now 
variable. During some years an ice sheet forms across the river, in others an 
open channel leads through the section, either through the north channel or 
through the main channel on the south of Drummond island. After the improve- 
ment of this part of the river has been completed, conditions should be more 
favourable for the formation of an ice sheet because of the enlargement to be 
made at Chimney point. 

70. It is proposed to deposit some of the waste rock from the excavation 
of the Chimney Point Channel to form artificial islands in shoal water at the 
sides of the natural channel opposite Drummond island, in order to assist in 
holding the ice sheet. Booms may also be employed to form an ice cover in 
this reach at the start of winter. 


71. In executing the works shown in project No. 1-242 at Galop rapids, 
no large amount of unwatering of river channels is required other than that 
associated with the dams and control structures. 


72. In this plan three wide sweeping curves carry navigation from Chimney 
point to Galop island. These can be reduced in length, but at large cost, by a 
cut through the sill which extends between Chimney island and Drummond 
island. 

73. For the improvement of the river between Galop rapids and Morris- 
burg the full single-stage plan shows a sectional area of 95,000 square feet at 
elevation 242 at Morrisburg and 243 at Lotus island. Initially, it is intended 
to make this enlargement only sufficient to give 70,000 square feet at mean 
stage, and bring about subsequently the full enlargement to 95,000 square feet 
or such other section as experience indicates to be required. (See para. 138 
Main Report.) 

74, On the United States shore, the land submerged by the ponding of 
the river is largely waste land, and the dyking is limited to that necessary to 
contain the pool. From the United States power house a dyke extends to the 
hill at Robinson bay. This dyke ranges from 20 to 30 feet in height. The 
gaps in the line of hills extending from Robinson bay to Massena canal are 
closed by dykes. Suitable drainage ditches are provided to replace the natural 
drainage line cut by this line of dykes. 


75. A concrete intake, with gates, is to be constructed to by-pass the 
entrance to the Massena Power canal, and aiter its completion the present 
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entrance is to be closed by a dyke. By this means, the existing power plant 
at Massena can be kept in operation until its load is taken over by the main 
power house at the foot of Barnhart island. 


76. A dyke 20 to 30 feet in height extends from the Massena canal to the 
hills paralleling the river about two miles to the west. A few small dykes are 
required at the low points in this line of hills. An embankment is required at 
the head of Coles creek. 

77. On the Canadian side of the river the value of the land justifies a 
more extended system of dykes. The line of dykes extends from the Canadian 
power house to the high land on Barnhart island, thence across the head of 
the channel between Barnhart island and Sheek island, across the head of the 
latter island and the head of Bergen lake to the Canadian shore. It extends 
along the line of the low hills which lie close to the river bank from the head of 
Bergen lake to Farran point. At Farran point, and at Aultsville, the dyke 
line is along the river front to afford these towns protection, its crest being 
about 17 feet above their main streets. The dyke line terminates on the high 
ground back of the river two miles west of Aultsville. The dykes along this 
line are of moderate height, generally less than 20 feet, and for much of the 
distance, their bases are above ordinary pool level. 

78. To care for the drainage into the river cut off by these dykes, including 
the flow of Hoople creek, a ditch is to be constructed along the low ground back 
of the river, emptying into the head of Bergen lake. Concrete drops are required 
in this ditch at the entrance into the valley of Hoople creek, and at the outlet 
into Bergen lake. Concrete bridges are provided at all road crossings. Suitable 
dykes are to be constructed to prevent flood flows in this ditch from backing 
up into the low lying portions of Aultsville and Farran point, and pumping 
plants are to be provided to take care of the local drainage of these towns at 
such times. 

79. The bottom width of the drainage ditch increases gradually from 6 feet 
at its head to 45 feet at its outlet into Hoople creek, and is 80 feet from Hoople 
creek to Bergen lake. The grade of the bottom of the ditch is at elevation 
226.5 at the head, 219 at the head of the drop into Hoople creek, and 200 at 
the head of the section between Hoople creek and the drop to Bergen lake. The 
slopes range from about 0.85 to 0.6 foot to the mile, insuring velocities which 
will not scour. 

80. The low lying portion of the town of Morrisburg is to be protected by 
a dyke along the water front, its crest being 14 feet above the lowest portion 
of the main street. Sewage from the town is to be collected in an intercepting 
sewer and pumped into the river. Drainage ditches and a pumping plant are 
to be provided to care for storm water drainage. Similar provision is made for 
the protection of the low lying portion of Iroquois. 

81. As an alternative to the plan for dyking and draining the low lying 
portions of these towns, it may be found more desirable to expend the funds 
assigned to that purpose in moving the buildings to the high land in the immedi- 
ate vicinity, under a town planning scheme worked out in co-operation with 
the citizens. The low lying portions of the towns, above the minimum pool 
levels, could then be filled to form public parks. 


82. Massena CANAL INTAKE. This intake is to be constructed with eleven 
sluices, each 16 feet in width, separated by piers 10 feet in thickness. When the 
pond is raised, the sluices are to be closed successively, and the weir built to 
crest elevation 220, the discharge during construction and after completion being 
controlled by gates 16 feet in width and 30 feet in height. 
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83. Lock ar Heap or Brercen Lake. To permit of the completion of the 
dyke line without interrupting present canal navigation, and to prevent the 
interruption of such navigation while the pool is being raised, a lock is to be 
constructed at the head of Bergen lake before the dyke crossing the present 
navigation route is constructed. This lock is to be 255 feet in length between 
quoin posts and 45 feet in width in the clear. The upper and lower gate sills 
are at elevation 184, permitting 14-foot navigation to pass through the lock at 
the present elevation of Bergen lake. The coping is at elevation 251.5. The 
gates at the head and foot of the lock are in duplicate. A culvert through the 
lock walls will provide the water supply to continue the present canal and 
water leases as long as may be desired. 


84. RECONSTRUCTION OF RaAtuLRoaAps. It is necessary to raise the grade of 
the Canadian National Railway for a distance of 44 miles between Morrisburg 
and Aultsville, and for about one mile east of Iroquois. At the former location 
a realignment, shown on the drawings, will reduce the height of the embank- 
ment and permit the construction of the line while traffic is being carried on the 
present one. At the latter location, it will be desirable, for the sake of align- 
ment, to raise the grade under traffic. 

85. The terminus of the St. Lawrence Railroad, at Norwood, near Wad- 
dington, will be submerged by the proposed pool levels. It is planned, there- 
fore, to provide a new terminus, just above the village, where the requisite 
navigation depth to the terminus will be afforded by the increased levels. 


86. Roap Retocation. On the United States shore it will be necessary to 
raise the present river road at a few points only between the head of the Galop 
and Waddington. The highway from Waddington to Massena will be recon- 
structed on a new straight alignment for 5.5 miles east of Waddington, and the 
river road thence to the head of the Massena canal will be reconstructed in 
places. Some road construction will be required to replace roads cut by the 
navigation canal. 

87. On the Canadian side the highway along the river will require raising 
at a few low points above Iroquois. From a point about a mile above Iroquois 
to the head of Bergen lake, an extensive relocation of the shore highway is 
required, The estimates provide a concrete road. The easterly part of the 
relocation is on the dykes to be constructed here, the top width of the dykes, 
40 feet, being ample for that purpose. 


88. Two-Sracg Puans. The design of two-stage projects can be varied in 
several ways. The upper dam and lock can be located at Ogden island near 
the head of the section where it will virtually act as a valve to control the 
flow out of lake Ontario even when the surface level above Galop rises and 
falls, due to changes of barometric pressure at the ends of lake Ontario. The 
upper dam and lock can also be located at Crysler island, farther downstream, 
where a higher head would be developed, but where the works would not control 
flows as effectively as in the upper location. 

89. The two-stage project with upper dam and lock at Ogden island is 
mentioned in paragraph 131 of the Main Report. It will be referred to as Project 
No. 4-224. It is shown on plates 26 to 33. Detail estimates will be found on 
table 4. The chief works in this project are as follows:— 

(1) A free, open channel south of Galop island for navigation, along with 

a diversion through Galop island and enlargement of channels north 
of that island. 

(2) Channel enlargement between Lotus island and Ogden island to give 

95,000 sq. ft. at ordinary operating levels. 
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(3) A dam, lock and power house at Ogden island, where a head varying 
from 17 ft. in summer to 12 ft. in winter is developed. 

(4) Channel enlargement to 95,000 sq. ft. at a few places between Ogden 
island and Weavers point. 

(5) A dam at the head of Barnhart island with power houses at the foot 
of that island, where a head varying from 67 feet in summer to 62 feet 
in winter is developed. 

(6) A side canal with two lift locks and a pair of guard gates for carrying 
navigation past the dam. This canal is to be on the United States 
side of the river. 

(7) Such embankments and drainage works as are required to protect the 
villages of Iroquois and Wales and the sewerage system of the town of 
Morrisburg. 


90. In project No. 4-224, the power plants at Ogden island are designed to 
operate at about 100 per cent load factor, at least during the winter season. 
The power plants at the foot of Barnhart island are designed to take advantage 
of permissible fluctuations in the reach between Ogden island and Barnhart 
island. Transmission lines of the plants at Ogden island and Barnhart island 
must be interconnected and variation of load should be carried by the lower 
plant. 

91. In this project the channel enlargement proposed between Lotus island 
and Ogden island gives the same sectional area as that shown in the full single- 
stage project No. 1-242, but the works at Galop rapids are somewhat different. 
The free channel provided for navigation at Galop rapids is located on the 
south side of Galop island and occupies the whole length of the present south 
channel. 

92. The enlargement provided in this navigation channel does not give 
all the section required to secure low velocity and flat slope at this point. 
Further enlargement is required and is provided by a special diversion channel 
through the head of Galop island. The diversion channel is provided with 
piers and roller gates which can be closed to control emergency flows. This 
control structure is not effective enough to check surges completely and it does 
not cross a large enough part of the outlet channels to permit the lowering of 
the reach below at the beginning of winter. 

93. This channel is to be excavated and control dam completed before 
cofferdams are placed around the improvements for navigation in the south 
Galop channel. The water should be gradually allowed to enter the diversion 
as it is shut out of the channel south of Galop island. When the works south 
of Galop island are unwatered and all excavation is completed, and when the 
works at Ogden island are in a condition to hold the level of lake Ontario, 
cofferdams can be removed and the whole works brought into use. 


94. The dam, power house and lock at Ogden island are located on the 
downstream slope of a wide sill of solid rock which crosses the river at about 
the middle of that island. The main dam, 1,200 feet long, with 19 gates each 
50 feet wide and 26 feet deep, is shown at the foot of a diversion channel which 
is to be excavated through a low part of Ogden island. The discharge capacity 
of this dam is to be supplemented by additional gates at the downstream end 
of a power house in the main channel of the river. 

95. The channel south of Ogden island is to be enlarged, and a power 
house 1,300 feet long is to be built across it, near the mouth of Big Sucker 
creek just east of Waddington. A power house, 3,600 feet long, is shown in 
{he main channel of the river, north of Ogden island. 
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96. In this project navigation is carried past the dam at Ogden island by 
making use of the channel south of Ogden island and by a lock on the shore 
of Ogden island north and east of the power house shown in that channel. 

97. The diversion channel is excavated to a bottom elevation of 205 and 
a width of 500 feet. It is almost entirely in earth. The channel above the 
power house south of Ogden island is excavated to a bottom elecation of 210 
for a width of 800 feet. Some excavation is also shown north of Ogden island. 

98. The solid rock surface on which these works are located is about 
elevation 186. It is intended that the diversion channel, with dam and the 
enlargement of the channel south of Ogden island, should be completed before 
the diversion of the flow of the river is begun. For diverting the flow of the 
river from its main channel a partial cofferdam of rock and a pier and gate 
structure is proposed on the high rock sill at the head of the rapide Plat. The 
power house in the channel north of Ogden island has been laid out -with 54 
units of 5,570 horse-power each at a head of 17 feet. The power house in the 
channel south of Ogden island has been laid out with 19 units of 5,570 horse- 
power at a head of 17 feet. 

99. The estimates of this project provide for a timber-crib weir to be built 
below the power house north of Ogden island. It is intended temporarily to 
hold the tail water level up to about elevation 221, thereby preventing the head 
from exceeding 21 feet before the dam and power houses at Barnhart island 
raise the water to its regulated level, which will be about 226 under average 
summer conditions. 

100. In project No. 4-224, the level of the reach above the dam at the 
head of Barnhart island is to be held to about elevation 224. With this eleva- 
tion, channel enlargement is required only at a few points. These are indicated 
on plate No. 29. 

101. The dam at the head of Barnhart island is 3,900 feet long. It extends 
from the head of Barnhart island to the foot of Long Sault island and thence 
to the high lands on the United States mainland. It is equipped at each end 
with 11 gates, each 50 feet wide and 21 feet deep. The central part of this 
dam has a spillway section with crest elevation 224. 

102. The United States and Canadian power houses are located at the 
foot of Barnhart island. The overall length of these two power houses is 
3,200 feet. They are shown on a straight line which extends from the above 
lock No. 20 on the Cornwall Canal to the foot of Barnhart island. North of 
the Canadian power house there is a retaining wall 400 feet long and north 
of this a spillway 500 feet long is introduced. To the north of this spillway 
a lock for 14-foot navigation is shown. This lock is designed to enable the 
Cornwall canal to be used during the construction period and afterwards. The 
power houses are to be equipped with a total of 38 units, each capable of 
developing 47,600 horse-power at 67-foot head. In the power houses proper, 
submerged or penstock gates provide a discharge capacity of 50,000 cfs. under 
normal operating conditions. At the south end of the power house 5 sluice 
gates are provided, each 50 feet wide and 10 feet deep. 

103. In this project it is intended to enlarge the narrow channels at the 
head and foot of Bergen lake and also the narrow parts of the channel between 
Sheek and Barnhart islands. The total minimum section provided will be 75,000 
square feet at elevation 224, 

104. The dam at the head of Barnhart island is shown near the foot of 
Long Sault rapids where the solid rock is found at elevation ranging from 
145 to 160. The water at this point is quite swift and elaborate arrangements 
are necessary to divert the flow in order to unwater the site of the dam. 
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105. As in the Report of 1921, a diversion channel, 250 feet wide with 
a grade elevation of 167, is to be excavated through Long Sault island. The 
sides of the channel are to be lined with concrete to protect them from scour. 
The westerly end of the main dam crosses the South Sault channel below the 
entrance of the above diversion channel. The lower part of this section of 
the dam is to be built before water is: let into the diversion channel, and 20 
gates, 18 feet wide and 30 feet deep, are to be installed in it. The channel 
above and below this dam is to be enlarged so that 209,000 cfs. can be passed 
through the dam with water level above the structure at stage 201. 

106. In order to make the diversion effective and maintain present navi- 
gation, a timber-crib dam with piers 30 feet wide and 60 feet long, is shown 
in the river below lock 21 at the head of the Cornwall canal. The openings 
between these piers are 50 feet wide and by closing the openings the water 
level at the head of the diversion channel may be raised to elevation 206. 

107. This will ensure a diversion of 160,000 cfs. through Long Sault island, 
40,000 cfs. down the South Sault channel, and 25,000 cfs. down the Massena 
canal. It is expected that the diversion of this amount of water from the river, 
toegther with the control over flow that can be exercised at Galop rapids and 
at Ogden island by works shown there, will enable the part of the dam which 
lies in the main river to be built by the ordinary cofferdam method. 

108. After the dam in the main channel of the river is completed, the 
openings left in the section at the foot of the South Sault channel can be filled 
with concrete, and the timber cut down at Lock 21 will be removed. 

109. In this plan No. 4-224, navigation is carried past the dam at the head 
of Barnhart island by means of a side canal with two lift locks and a pair of 
protecting guard gates. This canal leaves the raised pool opposite Dickinson 
Landing and crosses over a saddle in Long Sault island and thence across flat 
country to a junction with the river at the mouth of the Grass river. Its total 
length is 6.9 miles. In this length of canal there is one reach 1.0 mile long, 
and another 1.5 long in which a bottom width of 300 feet is provided. 


110. The upper lock in the canal has a 24-foot lift and is located about 
a mile west of Robinson bay. The lower lock has a lift of about 46 feet and 
is located near where the canal enters the river north of the mouth of the 
Grass river. The lock walls of both locks are carried to solid rock which is 
found at élevation 137 at the upper lock site and elevation 104 at the lower. 
About one mile above the upper lock, a retaining structure with a pair of guard 

‘gates is introduced. 

111. A cross-current in the South Sault channel will be prevented by deposit- 
ing waste material at some point in that channel below the head of the Massena 
canal. 

112. Should it be finally decided to build the main dam in the river at the 
foot of Barnhart island or at the head of the Little Long Sault rapids above 
Robinson bay, the side canal could be shortened to the extent of about 2.2 miles 
by leaving the main river just below the foot of Long Sault island. In this loca- 
tion it could still preserve guard-gate features. 

113. The navigation works at and below the Grass River lock in this project 
are practically the same as in Full Single-Stage project No. 1-242. 

114. A concrete intake with gates is to be constructed at the head of the 
Massena Power Canal as in the Full Single-Stage project No. 1-242. See para- 
graph 75 of this appendix. 

115. In project No. 4-224, some disconnected dykes are shown between the 
high land west of the village of Wales, and the retaining wall at the north end 
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of the power houses at Barnhart island. Some dykes are also shown between 
Richards landing and the guard gates of the proposed canal south of Long Sault 
island. These dykes are not high. 

116. This project does not raise the water level of the river above the general 
elevation of the surrounding country and abrupt slopes that may develop locally, 
due to ice conditions in the river, will affect power heads rather than the flow 
of water through the section. 

117. The estimated cost of two-stage project No. 4-224 as presented by the 
Canadian section is $264,546,000. 

118. The head concentrated at Ogden island is small in winter. It can be 
increased by extensive enlargements of channel between Ogden island and 
Weavers point. This enlargement is, however, not found to be economical 
because of the length of restricted channel between these points. The head 
predicted is vitally dependent upon the ice resistances. 

119. Downstream from Ogden island the present slope of the river is 1 
foot per mile to Weavers point. -Below that point the surface slope is flat 
and present cross-sectional areas are almost large enough to permit an ice 
cover to form under natural conditions. Just below the foot of Ogden island 
at Morrisburg, the lowest points in the solid rock surface fall to about eleva- 
tion 155 and borings show that this hollow in the rock surface continues down- 
stream to Crysler island. At Crysler island the soft rock of this part of the 
river is overlain with a layer of sandstone and a narrow sill at about elevation 
165 practically crosses the river. 

120. At the time the Main Report was signed in November, 1926, this pro- 
ject appeared to be the best two-stage project available. Since that date, addi- 
tional borings at Crysler island have disclosed more favourable rock founda- 
tions than were indicated by the borings made in 1924, and a two-stage project 
with upper dam and power houses at Crysler island in some major respects 
appears preferable to the Ogden Island project. | 


121. CrysLer Istanp Two-Srace Puan. A two-stage project with upper 
dam at Crysler island and lower dam at Barnhart island is mentioned in the 
Report of 1921. This project is now presented as an alternative two-stage 
project, which is regarded by the Canadian section as giving greater financial 
returns than project No. 4-224, although its initial cost is greater. It will be 
referred to as project No. 5-217. It is shown on plates 34 to 38. Its estimated 
cost is $269,355,000. Detail estimates are shown on table 5. 

122. The chief works in this project are as follows:— 

(1) A free open channel south of Galop island for navigation. 

(2) Channel enlargement between Lotus island and Morrisburg to give 

95,000 square feet at ordinary levels. 
(3) A dam with power house at Crysler island where a head varying from 
24 feet in summer to 18.5 feet in winter is developed. 

(4) A dam at the head of Barnhart island with power houses at the foot 
of that island, where a head varying from 60 feet in summer to 56 
feet in winter is developed. 

(5) A short side canal with lock at Crysler island and a side canal with 
two locks and a pair of guard gates for carrying navigation past the 
dam at the head of Barnhart island. 

(6) Retaining embankments with pumping and drainage works for pre- 
venting the inundation of the village of Iroquois and the town of 
Morrisburg. 


_ 123. The works at Galop rapids for this project are similar to those shown 
in project No, 4-224, but operate somewhat differently. As in that project 
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the free channel which navigation is to use is located in the channel south of 
Galop island and occupies its whole length. A large diversion channel is shown 
through Galop island and channel enlargement is also shown north of Galop 
island. The dam in the diversion channel is to be equipped with 50 butterfly 
gates and a similar dam with 16 gates is to take the place of the present embank- 
ment between Galop and Adams island. After the works north of Galop island 
and the diversion are completed, the channel south of Galop island is to be 
unwatered and the work in that channel is to be done as in project No. 4-224. 

124. The works at Galop rapids are designed to pass 310,000 cfs. with a 
loss of head of 2.75 feet when lake Ontario stands at elevation 246.5. The 
velocity in navigation channels under these conditions is expected to be 4.7 
feet per second. These works could be used for those shown in project No. 
1-242. 

125. At Iroquois, dykes and pumping works similar to those shown in 
other projects are required. For the town of Morrisburg, dykes and a pump- 
ing plant are provided as in project No. 1-242, but in addition to these works 
an egg-shaped sewer, 54 feet high, is to be built north of the dykes between 
that town and the reach below the dam at Crysler island, a total distance of 
about 4 miles. 

126. At Crysler island, a dam 2,800 feet long is shown on a long curve, 
with United States and Canadian power houses each 1,500 feet long at either 
end. This curve is introduced to develop length and follow the most advantage- 
ous rock surface. A lock for 14-foot navigation is shown at the Crysler island 
end of the curved dam. This lock is designed for use until the pond above 
the dam is raised to above elevation 229 when 14-foot draft will become avail- 
able in the new canal. Estimates provide for unwatering the control 1,500 feet 
of the dam at Crysler island by the pneumatic-caisson process and for the 
unwatering of 700 feet in shallow water by the cellular steel sheetpile trench 
method. The remainder of the dam and both power-house sites are to be 
unwatered by the open cofferdam method. 

127. The side canal for carrying deep navigation past the dam is shown 
on the United States side of the river. It is 1.6 miles long and is provided with 
swing top log apparatus at the head of the lock, as well as duplicate gates 
and fender chains. The cost of a similar canal on the Canadian side would 
be substantially the same. 

128. Two-stage plan No. 5-217 shows a dam at the head of Barnhart 
island with power houses at the foot of that island, as in project No. 4-224. The 
works at the foot of the section are in general similar to the latter project and 
are located at the same sites. The unwatering problems are the same and it 
is intended that they should be met in the same way. 

129. The water level to be held above the dam at the foot of the section 
in project No. 5-217 is 7 feet lower than in project No. 4-224. This lower 
level reduces the lift of the lock in the side canal west of Robinson bay and 
lowers the bottom elevation of the side canal above that point. This lowering 
of the reach level also increases the excavation required at the head and foot 
of Sheek island for the head race. 

130. The operation of the Crysler island project presents some difficulty. 
These are associated with control of flow through the long restricted channel 
between Butternut island and the foot of Ogden island, just above Morrisburg, 
when levels on lake Ontario fluctuate. A rise of 2 feet in 4 hours, which some- 
times has occurred opposite Prescott, would cause a large increase in flow in 
restricted channels while the pond between Ogden island and Crysler island, 
6,700 acres in extent, is filling up. 


256 St. Lawrence Waterway Project 


131. The travel of surges would not interfere with the use of channels for 
navigation, as the increased velocities would still be within the limits of safe 
practice. If, however, a surge should occur in the brief period when an ice 
park is making upstream past Ogden island, it might increase velocities beyond 
2.35 feet per second. Should the river surface be heavily burdened with ice 
at this time, a gorge might occur. 

132. This contingency is met in the design of works at Galop island, now 
described with the Crysler island project, by the provision of gates for quickly 
throttling the flow. A somewhat similar design could be included in the full 
single-stage project 1-242, at some increase in cost. 

133. A series of cribs with boom is provided above point Three Points and 
a similar boom is provided above Butternut island. These booms would start 
an ice park at these points. They would be swung by tugs after the close of 
navigation each year and they would melt free from the ice and swing clear 
in the spring when released. The use of all of the above agencies should prevent 
gorging of any magnitude taking place with the channel enlargement shown in 
the project. 

134. Since the power plants at Crysler island can be completed and put 
in operation about two years before the works at Barnhart island can be com- 
pleted, the Crysler island development is designed to operate at 34-foot head 
until the time when the lower level is raised. In this way about 760,000 horse- 
power could be made available before the lower plant is completed. This pro- 
ject initially furnishes about 300,000 horse-power more than project No. 4-224 
in the upper stage. Computations also show that the completed project No. 
5-217 will produce about 10,000 horse-power more than the Ogden island pro- 
ject No. 4-224 during winter. 


135. Partian SINGLE-StaceE Puan. A single-stage scheme, with lock and 
dam control at Galop rapids and a controlled level of the reach above Barnhart 
island, has been considered. The Report of 1921 presented a somewhat similar 
project. It showed a control dam and lock at Ogden island combined with a 
lower pool at about elevation 231. In the designs of this project, provision 
was made for a future rise of seven feet in the crest of the lower dam, if ice 
conditions permitted such a rise to be made with safety. 

136. In the Report of 1921 no mention is made of channel enlargement 
being necessary when the raise to higher levels in the Long Sault was to be 
brought about. Progressive enlargement could be made with the control dam 
and lock as shown in that project. 

137. The present Board finds, as stated previously, that the initial project 
described in the Report of 1921 should be modified to secure more dependable 
winter operation and develop more power. The Board also finds the size of 
channels provided in the project of 1921 to be too small to form an ice cover 
between the foot of Galop island and the foot of Ogden island and enlargement 
to greater dimensions is necessary to reduce frazil formation and insure more 
dependable flows in winter: When this enlargement is made and slopes are 
flattened, higher levels can be carried in the lower pool. Changes such as these 
might be progressively made up to the point where the full elevation provided 
in the project of 1921 would be made practicable. Such a project might be 
worked out with control dam and lock at Ogden island as shown in the report 
of 1921, or it might be worked out with similar control works at Galop rapids. 
Comparative estimates for such a project show a slight advantage for control 
works at Galop rapids when the lower reach is held above elevation 235. 

138. In order to show the operating characteristics of a single-stage project 
giving about the same results as that visualized in the Report of 1921, a project 
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with lock and dam at Galop rapids and crest level of 238 at Long Sault dam 
has been worked out. It will be referred to here as No. 6-238. It is shown on 
plates No. 39 to 48. Detailed estimates will be found on table No. 6. 

139. The channel shown in this project is enlarged to 65,000 square feet in 
Galop rapids and to 95,000 square feet below. This is the same enlargement as 
that shown in the Crysler island project and is about the same ag that shown in 
full single-stage scheme No. 1-242. 

140. In this scheme (No. 6-238) a control dam is placed at the Galop 
rapids and the dam at the lower end of the section is shown at the head of 
Barnhart island, and the channel between Sheek and Barnhart islands is used 
for the headrace of the power houses at the foot of Barnhart island. This 
channel is to be enlarged so as to give about 87,000 square feet at elevation 238. 

141. The computed head concentrated at the control dam is shown on 
plates 44 and 45. It would vary from month to month with the level on lake 
Ontario and the discharge. 

142. The estimated cost of this project is stated by the Canadian section 
to be $228,610,000. 

143. In this scheme nearly, if not all, the gates in the Galop control dam 
would be open during flood conditions and during the latter part of the ice- 
covered period. During the low-flow periods of late summer and autumn some 
control gates would be closed. 

144. The control of flow out of lake Ontario would be governed in part 
by the level of the Long Sault reach and in part by the opening and closing of 
gates at the Galop Rapids dam. With this scheme an ice cover would pack 
upstream from below Ogden island without gorging of the section so long as 
the flow out of lake Ontario is held down to about 203,000 cfs. and the water 
level at the long Sault is held up to about elevation 239. 

145. A dam is shown across a diversion channel at Galop island and also 
across a channel on either side of a lock at Lotus Island. The latter would 
control the flow south of Galop island. A gated house is shown in both dams, 
with butterfly valves for the bulk of the openings instead of roller gates. Early 
in the winter there would be a head of two or three feet at the south Galop 
control dam and a head of three to four feet would be used up in the slopes and 
dam of the north Galop channels. The head in the north Galop channel together 
with ability to quickly close gates in the other channels can be used to prevent 
excess flows passing the section during surges. 

146. The above-described scheme would develop all the head available in 
the section during the winter period, and also all that available in summer when 
lake Ontario is near extreme high and extreme low stages. The amount of 
power not developed by this project is greatest in the open-water period when 
lake Ontario stands about elevation 246-0. At that time the head lost would 
be about 3-5 feet. 

147. The control of velocity of flow in restricted channels afforded by this 
project is better than in other schemes because fewer gates need be opened or 
closed to increase or decrease the flow in the river, and the distribution of flow 
in channels can be better controlled. It imposes a guard lock in the path of 
navigation instead of the navigable pass shown in the full single-stage project. 


IMPROVEMENT FOR NAVIGATION ALONE 


148. The river is now actually navigated by all traffic through the four- 
mile reach between Iroquois and the head of the Morrisburg canal, through the 
ten-mile reach between Morrisburg and the head of Farran Point canal, and 


through the four-mile reach between Farran Point and the head of the Cornwall 
45827—17 
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Canal. The vessels used in this navigation are, however, heavily powered in 
proportion to their size. The only parts of this section of the river, above Corn- 
wall island, regarded as safely and conveniently navigable in its present condi- 
tion by large lake freighters and ocean vessels are the four-mile reach from 
Weavers Point to the Farran Point rapids, and the four-mile reach from the foot 
of the latter rapids to the entrance to the Cornwall canal. 

149, The entire reach of river from Morrisburg to the head of the Cornwall 
canal can be rendered safely navigable for deep-craft vessels with a moderate 
amount of dredging if the water level be raised to elevation 220. At this eleva- 
tion the flowage damage is not extensive. The plans for improving the river for 
navigation alone provide, therefore, for raising this reach by a series of dams 
across the head of the Long Sault rapids. 

150. The plans provide a large discharge capacity through the gates of 
these dams, so that the pool created can be drawn down in winter, with a view 
to avoiding, ordinarily, the formation of ice Jams in the reaches between Mor- 
risburg and the dams, and of holding the rise consequent to such jams to mini- 
mum levels. Under no circumstances could the back-water from such rises 
affect the discharge capacity of the control section at the Galop. 

151. Above Ogden island, a lateral canal is a cheaper means for affording 
navigation than is the ponding of the river, and the ponding offers complica- 
tions in assuring the winter discharge capacity. The plans for navigation alone 
provide, therefore, for a lateral canal on the United States shore through the 
upper part of the section. 

152. In detail, the plans provide for the enlargement of the channel at 
Chimney point on the same lines as is proposed in the two schemes for com- 
bined navigation and power development. The dyke at the head of the north 
channel is to be left in place. The material excavated can be so deposited as to 
compensate for the effect of the enlargement on the levels of lake Ontario. 

153. Navigation enters the upper canal at a guard lock on the United 
States shore opposite the nead of Galop island. The sills are at elevation 211, 
coping at 253. Service gates are in duplicate, unwatering gates are provided at 
both ends of the lock outside of the service gates, and an emergency dam is also 
provided. Adjacent to the lock is a weir with three gates, 20 feet in width, with 
suls at elevation 230, to provide the supply of water for maintaining the canal 
levels. 

154. The canal follows close to the shore, and is formed partly in cut and 
partly by retaining embankments at indentations in the shore, to a point oppo- 
site Lotus island. It then cuts across the peninsula of which Sparrowhawk point 
is the projecting tip, thence follows generally the shore to the bay above Point 
Rockway. It then follows the swale back of that point, cuts across the base of 
Leishman point, and enters the south channel of the river at Ogden island. 
Suitable embankments across the entrance to this channel at the head of the 
island, and on the island itself, permit the water to be raised to the canal level, 
at elevation 241. The total length of the upper canal is 12-5 miles, of which 
1-5 miles is through the pool formed in the south channel at Ogden island. 

155. Navigation is carried from the canal to the river pool by a lock at 
Ogden island, opposite Waddington. The upper gate sills of this lock are at 
elevation 211, lower gate sills at elevation 190, main coping 246. Service gates 
are provided in duplicate, with unwatering gates outside of the service gates, 
but no emergency dam is provided, since in case of accident the canal can be 
drawn down. A weir extends from the lock to the United States shore. This 
weir has 20 openings, each 15 feet in width, with sills at elevation 236. Stop 
logs in these openings provide control of the canal levels. 


“ 
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156. The river channels from the lock to the head of the lower canal, at 
Long Sault island, are excavated to a minimum width of 450 feet, and to grade 
196 at the head of the pool, ranging down to 195 at the foot of the pool. 

157. Navigation enters the lower canal through a cut across Long Sault 
island, with a bottom width of 200 feet at the summit cut; it crosses the South 
Sault channel, and is carried down to the main canal level through a lock on 
the United States shore about one mile inland. The upper sills of this lock are 
at elevation 190, lower sills at elevation 170, main coping at elevation 229. 
Service gates are in duplicate, with unwatering gates outside of the service 
gates, and an emergency dam is provided. 

158. From this lock navigation passes through a canal, 4-6 miles in length, 
to a lock near the mouth of the Grass river. The normal operating level of this 
canal is at elevation 200. Navigation is carried down to’ the south channel of 
the river at Cornwall island by a lock similar to that proposed in the combined 
navigation and power developments, the upper sill being at elevation 170 and 
coping at elevation 205. 

159. An earth dyke and a waterway are constructed at the Grass River 
lock, as with the combined navigation and power developments, and the same 
measures are taken to prevent floods from the Grass river from interfering with 
the approach to the lock. 

160. The total length of the lower canal, from the north shore of Long 
Sault island to the head of the south Cornwall channel, is 7-1 miles. 

161. The total length of restricted canal navigation throughout the section 
is 18 miles. 

162. The Ottawa branch of the New York Central railroad is to be diverted 
to a crossing adjacent to the Grass river lock as in the combined navigation 
and power development. 

163. The estimates show considerably less enlargement of the south Corn- 
wall channel than is proposed in the combined navigation and power project, 
on account of the steadier flow without power development. 

164. The dams creating the navigable pool which extends from Long Sault 
island to Ogden island are three in number; one across the main river channel, 
one across the diversion channel proposed to facilitate the unwatering of the 
main channel, and one across the South Sault. 

165. The dam across the main channel is located just above the head of 
the Long Sault rapids, and is 1,545 feet in length. It is provided with 24 Stoney 
crest gates, each 50 feet in width, with sills at elevation 195. Construction 
must be so prosecuted as not to interfere with present navigation through the 
Cornwall canal, the final closure being made during the winter season. The 
diversion cut across Long Sault island, to facilitate the unwatering of this dam 
site, is of the same dimensions as is proposed in connection with the unwatering 
of a dam for navigation and power at the foot of the rapids. It is to be closed 
by 20 sluices, each 15 feet in width by 30 feet in height, with sills at elevation 
165, which will be submerged after the pool is raised. The dam across the 
South Sault is 375 feet in length, with 6 crest gates, 50 feet in width, with sills 
at elevation 195. 

166. The plans provide head gates at the entrance to the Massena power 
canal, as in the combined navigation and power schemes. A few low dykes are 
required along the United States shore opposite Long Sault island, and a dyke 
is required on the Canadian shore at the head of the swale that parallels the 
river eastward from Hoople creek. 

167. The estimated cost of this project is $79,000,000. Detailed estimates 


are shown in Table 7. 
45827—174 
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LAKE ST. FRANCIS SECTION 


168. This section of the St. Lawrence river covers in general the expansion 

of lake St. Francis. It may be taken as extending from Colquhoun island 

opposite St. Regis, mile 115, to deep water at the foot of lake St. Francis, mie 

141, a distance of 26 miles. It embraces almost the same stretch of river as 
Division No. 3 in the Report of 1921. 

169. Lake St. Francis is an area of water which lies between very low flat 
shores. It appears to be formed from a number of delta-like channels with 
banks submerged about three feet at the westerly end, ten feet in the middle, and 
sixteen feet at the easterly end of the lake. The present depth in these channels 
is more than is required for 25 foot navigation in all but a few places, and the 
natural alignment of these submerged channels is so good that navigation can, 
quite well follow them. The fall in the lake from Colquhoun Island to Coteau 
Landing is about one foot at mean flow. 

170, Beyond the immediate shores of the lake the country is low and flat 
and consists of layers of peat overlying clay. These flats when drained subside 
and burn so that now we find great areas south-east of the Hungry Bay and 
St. Barbe dykes at about the level of Lake St. Francis. These areas are 
dependent for drainage on ditches which lead sometimes to the lake and some- 
times away from it. Originally a very low flat peat covered divide separated 
the drainage area of Lake St. Francis from that of the St. Louis River leading 
into Lake St. Louis. With dyking, drainage and cultivation of country no 
divide now exists except the Hungry Bay and St. Barbe dykes. These are the 
structures which prevent the waters of Lake St. Francis from finding their way 
to Lake St. Louis via the lowered peat lands and the St. Louis River. 

171. As a consequence of these conditions the water level of lake St. Francis 
cannot be raised above that to which it would go in nature. In fact the dykes 
as now existing are not high enough to retain the high water levels of 1862-1870- 
1886 and 1887 should they recur, and some raising of these must be undertaken 
no matter what action is taken regarding the improvement of the section for 
deep water navigation. 

172. Lake St. Francis has a superficial area of about 90 square miles; it has 
a cross-sectional area of 460,000 square feet near its foot, 260,000 square feet at 
McKee’s point near its middle and about 160,000 square feet between Colquhoun 
island and Hamilton island at its head. In the Hungry bay section of the lake 
St. Francis, the movement of the water is sluggish and it cools down and freezes 
over before it freezes in other parts of this lake. In the swiftest flowing parts 
of the lake the average velocity of the water is less than 2.0 feet per second, and 
as a consequence a week of zero weather can be depended upon to form a smooth 
ice cover over the whole of the lake without much packing or jamming of the 
surface. 

173. In order to provide a depth of 25 feet for a width of 450 feet, it is 
necessary to remove projecting points at eight places between St. Regis Island 
and Butternut Island and also to excavate a channel 2,000 feet long opposite 
the village of Lancaster. The project plane for this section is 150.5 at the foot. 
of the lake. 

174. The work recommended to be done in this section is shown on Plates 
46 to 48. Estimated cost of this work is $980,000, details of which are shown in 
table No. 8. 

175. The general features and alignment of navigation channels shown on 
the Board’s plans in this section are substantially the same as those recom- 
mended in the Report of 1921. 
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176. Drscription.—This section of the St. Lawrence river is 18 miles long 
and extends from deep water at the foot of lake St. Francis, mile 141, to deep 
water at the head of lake St. Louis, mile 159. The mean level of the water in 
lake St. Francis at the head of the section is elevation 151.9, and that in lake St. 
Louis, at the foot of the section is 68.9. The total drop in the section is 83 
feet. This, the river takes in four more or less abrupt chutes, vix, the Coteau, 
Cedars, Split Rock, and Cascades rapids. Of this fall, 3.0 feet occurs between 
the Lake St. Francis and Leonard Island, 14.3 feet in the Coteau Rapids, 6.6 
feet in the river between the Coteau du Lac Wharf and Isle Aux Vacres, 32 feet 
in Cedars Rapids, 8.1 feet between, the Cedars power plant and Bisson Pt., and 
19 feet between Bisson Pt. and Lake St. Louis, in what is called the Split Rock 
and Cascades Rapids. 

177. Upstream navigation through the Cedars and Cascades Rapids is 
impossible and the only boats that navigate the open river on the downstream 
journey are the special passenger boats operated for the tourist trade. All 
freight boats use the present Soulanges Canal which provides for ships of 14 
foot draft, and extends from Coteau Landing on Lake St. Francis to Cascades 
Point on Lake St. Louis. This canal is 100 feet wide on the bottom, 15 feet deep 
and 14 miles long. It has one guard lock at Coteau Landing and four separate 
locks near its lower end just above where it enters Lake St. Louis. This canal 
crosses three small rivers, a short distance north and east of Coteau du Lac. 
Power for operation of this canal is supplied from a station of its own at the 
mouth of the River a La Graisse, where a head of about 20 feet between the 
canal and the river at that point is utilized. 


178. In this section of the St. Lawrence river there are four power develop- 
ments now in operation. Three of these are located at the foot of Cedars rapids 
and one is located in the city of Valleyfield on a side channel of the St. Lawrence 
south cf Grande isle. The largest of the power plants in the section is the Cedars 
Rapids plant, owned and operated by the Montreal Light, Heat and Power 
Consolidated. It has an installed capacity of 197,000 horse-power at a 32 foot 
head. 


179. The next largest plant is the St. Timothee plant of the Canadian Light 
and Power Co., with a practicable capacity of about 22,000 horse-power. The 
Canadian Light and Power Company is now understood to be affiliated with the 
Montreal Light, Heat and Power Consolidated. This plant draws its water 
supply from an old abandoned navigation canal and operates under about a fifty 
foot head. 

180. The third largest plant in this section is the Provincial Power Plant 
which is owned by the Montreal Light, Heat and Power Consolidated. It has 
a practicable capacity of 12,000 horse-power and draws its water supply from 
the Soulanges Canal. It operates under a head of about 52 feet. 


181. The fourth development of importance is at Valleyfield and consists 
of a group of plants largely owned by the Montreal Cotton Co. This group uses 
about 10,000 cfs. at a head of about 11 feet. The output may be taken at about 
10,000 horse-power, all of which power is used in the adjacent mills and city. 
The head at this point was originally created by a dam built by the Canadian 
Federal Government in 1849, for the improvement of navigation in the entrance 
to the Beauharnois canal. The power works now in existence at Valleyfield 
have been, brought about by a series of plant extensions extending over half a 
century. 
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182. The country on either side of the river between Lake St. Francis and 
Lake St. Louis is generally flat and uniform except where boulder clay ridges 
rise through the marine clay which generally covers the country. A large area 
of territory south of St. Timothee and north of the St. Louis river is occupied 
by these ridges but in a few places passes are left, through which the marine 
clay plain is continuous. 

183. South of the boulder clay outcrops above described, the country slopes 
to the St. Louis river, but there are no creeks or water courses because the area 
drained is small. 

184. In the Soulanges Section, solid rock outcrops in many places and it 
does not appear to be far below the bed of the river throughout the section. It 
forms the bed of the river in the Coteau, Cedars, and Cascades rapids and can 
be seen at many points in the country north and south of the city of Valleyfield. 
It is exposed on the south side in the St. Louis river, five miles east of lake St. 
Francis, and on the sloping hillside at Melocheville. On the north side of the 
river it is exposed at Coteau du Lac, in Chamberry Gully and all along the 
river from Cedars to Cascades Point. 

185. The chief urban centre in the section is Valleyfield, population 10,000. 
It is situated on a small outlet of lake St. Francis on the south side of Grande 
Ile. The ground level of this city is from 5 to 10 feet above the level of lake St. 
Francis. 

186. Other villages to be noted in this section are Coteau du Lac, Cedars 
and St. Timothee. Coteau du Lac, population 485, is on the north. side of the 
St. Lawrence river about 3 miles below lake St. Francis near the foot of Coteau 
Rapids where the DeLisle river comes into the St. Lawrence from the north. 
Its ground level is about the elevation of lake St. Francis. The village of 
Cedars, population 536, is located on the north side of the river at the head of 
Cedars Rapids. Its ground level is about ten feet below the elevation of lake 
St. Francis. The village of St. Timothee, population 450, is located a little 
below Cedars on the south side of the river. Its ground level is about 25 feet 
below the level of lake St. Francis. 

187. The floor of the river in Coteau rapids is crystalline limestone of a 
specially hard gritty nature. That in Cedars Rapids is dolomite, and that in 
the Cascades rapids is Potsdam sandstone. 

188. At the present time the river runs open in the winter throughout this 
whole section, from the foot of lake St. Francis to the head of lake St. Louis. 
In this distance fourteen square miles of water surface is exposed to the cooling 
influence of the air, and about 240,000,000 cubic yards of frazil is formed each 
winter. This is stowed under the ice cover at the head of lake St. Louis and 
produces a winter rise of from 10 to 15 feet in the water level at the foot of 
Cascades rapids near Melocheville. 

189. Proposed Plan of Improvement. As shown in paragraphs 163 to 169 
of the Main Report, the Board finds it practical and economical to combine 
improvement for navigation in the Soulanges section with improvement for 
power. It also finds that a combined river and overland canal project, consider- 
ing interest charges, gives greater economy than any other joint navigation and 
power project investigated. As stated in paragraph 175 of the Main Report, 
this project “ better provides for the present and future development of the 
waterway than any scheme for navigation alone, and is therefore the desirable 
scheme, if arrangements are made whereby power interests bear a fair propor- 
tion of the cost. of the initial expenditure required.’”’ This project is called the 
Ile aux Vaches Three Stage Project for navigation and power. It is shown on 
plates 49 to 51. Its estimated cost is $103,945,000. Detailed estimates are 
given on tables 9 and 10. 


190. 
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This project is similar in form to the “Cascades Point—Coteau 


Rapids Project” described in the Report of 1921, but its details are changed in 
some respects. The power features of this project are planned to be developed 


in three 


successive stages. 


191. The works comprised in the navigation project and in the first stage 
of the development for power are as follows:— 


(a) 


(b) 


(c) 


(d) 


A short submarine channel, 450 feet wide and protected by break- 
waters, leading from deep water in lake St. Francis to the north shore 
of the river at Coteau Landing. 

An overland canal, 12,500 feet long and 200 feet wide, extending from 
the shore of the St. Lawrence river at Coteau Landing to the mouth 
of the DeLisle river. 

A lock at the east end of this canal with lift of from 1 to 5 feet, depend- 
upon the stage of the lake, along with an approach channel leading 
into what will be deep water in a Coteau du Lac-Cedars pool. 

A dam across the St. Lawrence river extending from above Cedars 
village to Point du Domaine on Grande ile which is virtually the south 
shore of the river. This dam is to control the level of lake St. Francis 
and is to be connected with a power house at Ile aux Vaches and Ile 
Juillet capable of developing 382,000 horse-power at a head of about 
22 feet. Embankments are provided to protect the low lands on both 
sides of the river. 


(e) An enlargement of the river at Coteau Rapids so as to enable the level 


of lake St. Francis to be extended to a pool below Coteau du Lac with 
a loss of head of not more than 14 feet in periods of low discharge, 
and not more than 5 feet in periods of extreme flood. This is to be 
done by means of an enlargement at Round island and a long diver- 
sion channel, 240 feet wide on the bottom with grade Elev. 120, separ- 


_ate from the river and extending from above Clarke island to below 


Broad island, a distance of about 24 miles. The flow through this 
diversion channel can be controlled by means of 13-50 ft. gates, 20 
feet deep. 


(f) A side canal from the shore of the river above Cedars to the Ottawa 


(g) 


(h 


eee 


192. 


arm of lake St. Louis, north of the outlet of Chamberry gully, along 
with a submarine channel leading out into lake St. Louis. 

A pair of guard gates in the middle of this canal with two lift locks 
near its easterly end. One of the locks is located a short distance west 
of the point where the canal crosses Chamberry gully and the other is 
located near the shore of lake St. Louis. The locks in this side canal 
are designed to overcome a total difference in level of 80 feet. 

Such drainage and diversion works as are required to protect the vil- 
lages of Coteau Junction and Coteau du Lac and the valleys of the 
Delisle, Rouge and A la Graisse rivers from the raised levels of the 
river. 


The works comprised in the second stage of the improvement have to 


do with power entirely. They are as follows:— 


(a) 


A head race canal from above Cedars village to the Ottawa arm of 
lake St. Louis with a power plant at the mouth of Chamberry gully 
capable of developing 500,000 h.p. at a head of 75 feet, with embank- 
ments, bridges, extension of syphon culverts and other works required 
to make available the 500,000 h.p. at that point, less 12,000 h.p. to be 
put out of commission at the provincial plant near Cedars, 
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193. The works comprised in the third stage of the development have also 

to do only with power. They are as follows:— 

(a) A dam across the St. Lawrence river a short distance above the village 
of Melocheville. This dam to be connected with a power plant on the 
shore of lake St. Louis north of Cascades island, capable of developing 
974,000 h.p. at a head of 53 feet, but will put 212,000 h.p- out of com- 
mission at Cedars and St. Timothee. 

(b) A new road on the south side of the river from above the village of 
St. Timothee to Melocheville, and such other works as are necessary 
to adjust the community to a raised level of elevation 125 in the reach 
between Cedars and Melocheville. 


194. Economic Considerations. The determination of the best method of 
improving a river in which power resources are to be developed depends partly 
upon the physical cost of improvement by various schemes and partly upon the 
rate at which power resources if made available, can be absorbed. 

195. Statistics show that the province of Quebec west of Quebec city has 
been absorbing power at the rate of 250,000,000 kilowatt hours per year for the 
past six years. This is exclusive of power used in electric steam boilers which 
is generally off-peak power. This is equivalent to about 72,000 horse-power 
peak load growth per year at 50 per cent load factor. Some of the territory 
included in the above district is not tributary to the St. Lawrence and unless 
all distributing companies are prepared to exchange power it cannot be expected 
that all power needs for any period can come from the St. Lawrence. 

196. Recently the Water Power Branch of the Canadian Department of the 
Interior predicted a growth in installed capacity of power plants in the St. 
Lawrence basin, of 225,000 horse-power per year. According to factors which 
they have developed, this would mean a growth of about 150,000 horse-power 
per year in base load plants such as those on the St. Lawrence river. It appears 
reasonable to take half of this growth as in Quebec and half in Ontario as the 
amount of power in use in these two provinces is about the same. 

197. The annual growth in simultaneous peaks of the power systems now 
connected in the Montreal, Eastern Townships and Quebec districts, is about 
50,000 horse-power and until the cheap power now undeveloped on the Ottawa 
and on its tributary streams is put to use, it is not likely that the whole province 
west of Quebec city will draw the additional power it needs from any one 
source. 

198. After all cheap power sites are developed and after all the power on 
the International section of the St. Lawrence is put to use, the rate of absorp- 
tion from the Quebec section of the St. Lawrence will probably be much greater. 
A rate of absorption in Canada of at least 150,000 horse-power per year for this 
St. Lawrence power fifteen years hence is not unreasonable. 

199. In order to give an idea of the overall cost of various projects, rates 
of absorption of 40,000 horse-power, 75,000 horse-power, and 150,000 horse-power 
are taken and 5 per cent per year is added to the first cost to cover interest 
during half the construction period and during half the period required to 
market power, as derived from the above rates of absorption. The results are 
shown on tables Nos. 11 to 13 and 29. 

200. The Soulanges section offers many opportunities for variation in 
designs of projects but analysis shows that those projects which can be executed 
in successive stages bring about greater economy than projects which require all 
the works connected with them to be constructed at one time. 
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201. A feature of the Ile aux Vaches Three Stage project which makes it 
more economical than any other, having in view the interest of both navigation 
and power, is the fact that through navigation may be secured on an economical 
general plan with the first stage of the power development without any expendi- 
ture for stages two and three, and without interference with the operation of 
the present Cedars plant. 

202. The side canal between Cedars and lake St. Louis is designed so that 
some excavation méde for it may be of use in connection with power development 
in stage two. This is done by joining the alignments of the power and navigation 
canals about two miles east of Cedars village. 

203. The estimated cost of this complete project including the power works 
of stages two and three is $205,052,000. The first stage is estimated to cost 
$103,945,000. In the latter amount $11,821,000 is for a side canal from lake St. 
Francis to Coteau du Lac; $19,773,000 is for a side canal between Cedars and 
lake St. Louis; $9,212,000 is for the enlargement of Coteau rapids and the reduc- 
tion of open water at that point; $38,553,000 is for the dam and power house 
eubstructures at Cedars along with embankments and drainage works required to 
raise the water level of the river to complete the improvement for navigation. 
$101,107,000 is for the work in Stages two and three. 

204. The Ile aux Vaches Three Stage Project for navigation and power above 
described, involves the removal of the northerly part of the village of Cedars and 
the dyking of the village of Coteau du Lac in the first stage of improvement. It 
also requires the inundation of part of the village of St. Timothee and the removal 
of the present Cedars plant in the third stage of improvement. It requires the use 
of extensive dykes along the north shore of the river between Coteau du Lac 
and Cedars and along both sides of the navigation improvement between Cedars 
and Cascades Point, as well as the use of some embankments between point du 
Domaine on Grande ile and the high land northwest of the city of Valleyfield. 

205. The project is designed to pass maximum floods without raising the 
level of Lake St. Francis higher than it would go under natural conditions. It is 
designed so as not to retard the flow in winter. It is designed so as to secure a 
complete ice cover from Lake St. Francics to the Coteau Bridge, and also from 
the foot of Broad Island to the dam to be constructed at ile aux Vaches. It is 
designed to secure an ice cover in the head race canal between Cedars and Cham- 
berry gully which is part of the second stage of the improvement, and also an 
almost complete ice cover from ile aux Vaches to the dam at Cascades island 
when the works described for the third stage are built. 

206. The water surface areas which are expected to remain open in winter 
when the improvement of the section is complete, are confined to: a stretch of 
river about 11,000 feet long between the present Coteau bridge and Coteau du 
Lac; a diversion channel varying in width from 270 to 670 feet, and extending 
from Clarke island to the foot of Broad island; a short stretch of river immedi- 
ately below the proposed power plants at Ile aux Vaches and below the proposed 
dam in Cascades rapids. 

207. A lock in the side canal between Coteau Landing and Coteau du Lac 
is included in the plan. If there were no lock at this point, the canal would 
have to be 700 feet wide to give satisfactory navigation velocities. This wide 
channel would cost about $16,000,000. A velocity of 44 feet per second in a 
navigation channel is not low enough for an approach to a draw bridge, and if 
the lock in this canal is done away with, an extra expenditure of about $5,000,000 
would be required for a new bridge in quieter water. A deduction of $2,600,000 
from this $21,000,000 could be made if no lock is built, making an increased 
expenditure of $18,400,000. As the extra power created by the wider channels 


® 
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and the time saved to initial navigation will probably not justify the extra expen- 
diture involved, open river navigation at this point is not included in the initial 
project at this time. 

208. Much consideration has been given to the relative advantages of single 
and flight locks at the foot of the overland canal between Cedars Village and the 
Ottawa Arm of lake St. Louis. Comparative estimates show no material advan- 
tage for either type of improvement end the conclusion is that either may be used 
without loss of efficiency or economy. Single locks are provided for in plans and 
estimates. 

209. A number of locations for the power house on the ile aux Vaches dam 
are available. Estimates show no material difference in cost of these and the 
plans filed can be varied in this regard. 

210. A difficult feature of the ile aux Vaches project is the improvement of 
(Coteau rapids so as to permit the raising of the Cedars pool to the height desired, 
without interfering with flood levels on lake St. Francis and without introducing 
ice jams that would endanger the continuity of the winter flow of the river. The 
plan of improvement shown at Coteau rapids consists in an enlargement of the 
river at Round Island and in the excavation of a deep smooth diversion channel, 
separate and distinct from the river, from above Clarke island to below Broad 
island. To simplify the bridging of the diversion channel, the line of the Cana- 
dian National Railway is relocated in the vicinity of Bellerive. The diversion 
channel is designed to divert about 52,000 c.f.s. under winter conditions. It will 
reduce the velocity in the river above Coteau Bridge to 1.86 feet per second with 
a winter flow of 230,000 c.f.s. and thereby assist in firmly holding the foot of 
the ice cover at the Coteau Bridge throughout the winter. This will leave the 
area of exposed water surface at the head of the Coteau du Lac-Cedars pool at 
about 45,000,000 square feet or 1.6 square miles, and about 13,000,000 cubic 
yards of frazil may be expected to form. As the cross-sectional area of the river 
just below Coteau du Lac at elevation 147 is about 145,000 square feet and as the 
flowing water will only occupy about 65,000 square feet, after the pack is formed, 
this volume of slush and frazil will create a pack about 4,400 feet long. From 
many observations in other sections of the St. Lawrence, it is predicted that 
the loss in head in January and February from this cause will vary from 1 to 2 
feet, depending upon the weather. 

211. The sectional areas of the overland power canal between Cedars and 
Chamberry gully, under the second stage, is made of such dimensions that 
500,000 horse-power can be developed at Chamberry gully without velocities 
greater than 2.25 feet per second being set up. This will permit an ice cover 
to form in this canal. 

212. The third stage of the Ile aux Vaches scheme for the development of 
power at Cascades contemplates the raising of the water surface in the Cedars 
rapids to a point where the average velocity of the water will be about 2.7 feet 
per second from the power house at Ile aux Vaches to the village of St. 
Timothee. This velocity is believed to be low enough to permit an ice pack to 
‘work upstream without any large quantity of frazil being carried underneath 
the ice cover and as a consequence no great rise of water level in the tail-race 
of the Ile aux Vaches plants is expected in winter. 

213. An important feature in the improvement of this section is the exist- 
ence of the 197,000 horse-power plant now operated by the Montreal Light, 
Heat and Power Consolidated, at the foot of Cedars rapids. As has been 
explained this plant now utilizes a head of 32 feet in the middle of a series of 
rapids having a total fall of 83 feet. This plant has operating difficulties on 
account of ice conditions. 


St. Lawrence Waterway Project 267 


214. The third stage of the Ile aux Vaches development involves scrap- 
ping this plant, but all the excavation now done in the head-race and in the 
river will be utilized. 

215. In an effort to use this plant, a three stage river development with 
side canals as in the Ile aux Vaches project has been considered. The first 
step of this improvement would be a plant with a 22 foot head at Ile aux 
Vaches, the second step a plant with a 32 foot head at Cedars and the third, 
a plant with a 20 foot head at Cascades island, all utilizing the complete flow 
of the river. 

216. This scheme would treat. the river above Ile aux Vaches from a 
hydraulic point of view in the same way as the Ile aux Vaches scheme, and it 
would preserve water levels above and below the present Cedars plant. 
In the designing of this kind of a scheme no difficulty 1s found in securing 
a good operating proposition in summer, but in winter a length of 74 miles 
between ile aux Vaches and lake St. Louis will run open and would form 
120,000,000 cubic yards of frazil and slush ice which must be stored somewhere. 
The bulk of this may accumulate as it does now, at the head of lake St. Louis, 
in which case the operating head of the power plant at Cascades would lose 
about 10 feet and its output would be reduced by about 250,000 horse-power. 
On the other hand if this ice be accumulated above the Cascades Island power 
house and dam, as is probable, the old and new power plants at Cedars would 
have their operating head reduced to one-half that now utilized with a loss of 
power amounting to about 360,000 horse-power. 

217. Such a project cannot economically ‘be improved by dredging on 
account of the enormous yardage, a large part of which is rock, that has to be 
removed to make the project workable in winter. This scheme, therefore, is 
out of the question from an operating and financial point of view. 

218. A scheme to improve the river for power, making only partial use of 
the present Cedars plant, was also considered. It involves the building of a 
new power plant just north and east of the Cedars plant, to serve present 
customers while the old plant is being rebuilt to utilize a higher head. ‘This 
scheme requires power plants at Cedars to operate for a time at one tail water 
level and afterwards at a tail water level ten feet higher. This is not a desir- 
able feature but it was thought to be a practical solution provided 33 per cent. 
of the flow be diverted from the river at this point and used to develop power 
directly from a power canal at Chamberry under a head of 78 feet.: Analysis 
of this scheme showed its first and also its overall cost to be more than the Ile 
aux Vaches three-stage scheme, and as it has no operating advantages over that 
scheme, it need not be further considered. 

219. If there were a large market for power and no vested interests in the 
river, the best scheme of improvement for both power and navigation would 
be an all river project with the reaches between Coteau du Lac and Cedars and 
between St. Timothee and Melocheville used as navigation pools. For such a 
project the level of the lower reach must be raised to at least elevation 115 in 
order to escape expensive submarine excavation between Cedars and Meloche- 
ville. It is shown on plates 52 and 53. Detailed estimates are given in tables 
18 to 20. Its estimated cost is $194,817,000. 

220. This project, with power houses at Cedars and at Cascades, involves 
the raising of the whole river between Coteau and Cascades about 20 feet 
at the same time unless power is secured elsewhere to supply Cedars cus- 
tomers while the development is being made. This requires the building of 
one-third of the Cascades Island plant as a first part of the first-stage of the 
project, then installing machinery in a new power plant at Cedars as the other 
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part of the first stage. It involves reconstructing the present Cedars plant as 
the second stage and completing the Cascades Island development as the third 
stage of the project. This scheme proposes to take care of the present Cedars 
customers by transferring load to the first part of the Cascades Island develop- 
ment early in the spring of some selected year and then arranging during the 
succeeding summer for the cofferdamming of the present Cedars plant and the 
raising of the upper reach before the advent of the winter ice. The hazards 
connected with the operating of this scheme during construction would be 
serious. 

221. When interest is considered and a growth of 75,000 horse-power is 
assumed, this scheme shows about the same overall economy as the Ile aux 
Vaches project. It would, however, in the first stage of its construction inter- 
fere with the present Cedars plant and would require a very large expenditure 
before any power would be produced. 


222. Another project which was considered was a simple two-stage scheme 
with a 22 foot initial development for power opposite point a Biron, a short 
distance above Ile aux Vaches. Incorporated with this, was a 54 foot develop- 
ment at Cascades island. This scheme utilized the investment in the Cedars 
Rapids head-race, but required the removal of the Cedars building itself when 
the 54 foot plant at Cascades island would go into commission in the second 
stage of the improvement. It is shown on plates 54 and 55. Its estimated cost 
is $203,692,000. Detailed estimates are shown on tables 21 and 22. 


223. This method of developing the power in the river would leave the 
valley of Chamberry gully free to be occupied by navigation works as there 
would be no power development at Chamberry gully and no overland power 
canal between Cedars and that point. The first cost of this project is $1,360,006 
less than the Ile aux Vaches three-stage project, but the overall cost on the 
assumed growth of the power demand, is much greater due to the necessary 
execution of the work in two stages instead of three. 

224. Another scheme which has carefully been considered is.the improve- 
ment of the river for navigation and power by means of an enlarged side cana: 
between Hungry bay and Melocheville, this work to be coupled with a river 
development so as to give a 4-stage power development. ‘The first stage of this 
scheme consists in building a canal between Hungry bay and Melocheville and 
developing a certain amount of power at a 78 foot head at Melocheville. It is 
shown on plates 56 and 57. There would be a guard lock at Hungry bay and 
double flight locks at Melocheville for deep navigation as in the project recom- 
mended in the Report of 1921 together with bridges, and channels in Lake St. 
Francis and Lake St. Louis as in that project. The second stage of this pro- 
position consists in developing 370,000 horse-power at Ile aux Vaches above 
Cedars as in the Ile aux Vaches scheme. The third stage consists in the develop- 
ment of a certain amount of power at a head of 78 feet at Chamberry gully. 
The fourth stage develops the same amount of power at Cascades island as is 
developed in the Ile aux Vaches scheme. 

225. In this scheme of development, the capacity of the first and third 
stages can be varied between wide limits but the size of the second and fourth 
stages must remain constant as river channels planned will cover with ice only 
when the flow in them is limited to set amounts. 

226. In order to show the effect of improving the river in the above manner, 
the Hungry bay-Melocheville canal has been laid out with a width of 300 feet, 
400 feet and 930 feet, and with capacities of 15,500 cfs., 31,600 cfs., and 66,700 
efs. exclusive of the water required for navigation. The total net cost of 
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improving the whole section by each of these variations is $213,509,000, $223,- 
533,000 and $237,778,000 respectively. Detailed estimates with 31,600 cfs. 
diverted are shown on table 25. 

227. In the first case the average velocity of the water in the canal is taken 
at 2.0 feet per second. In the others it is taken at 2.25 feet per second. 
Analysis of the above costs shows that the development of power by means of 
the smallest diversion is more economical than by the larger diversions. All 
developments with power at Melocheville are more costly than by the recom 
mended project. (See tables 26 to 29.) 


IMPROVEMENT OF SOULANGES SECTION FOR NAVIGATION ALONE 


228. If an improvement solely for navigation is desired one way it can be 
secured is by building an overland side canal from deep water in lake St. Francis 
via Hungry bay and the low flat uniform country north of the St. Louis river 
to the head of lake St. Louis at Melocheville. 

229. An improvement of this kind has been laid out. It has double locks 
in flight at its lower end where an ideal solid rock foundation is available, and 
it has a guard lock at its upper end to protect the long 13 mile reach from high 
water levels on lake St. Francis. The improvement shown is similar to that 
laid ont and recommended in the Report of 1921. It will be referred to as the 
Hungry Bay-Melocheville project, and is shown on plates 58 and 59. 

230. A waterway built along this route does not require the removal of 4 
very large amount of excavation as the ground surface is uniformly below the 
level of lake St. Francis and yet the retaining embankment will not be high, 
and no creeks or rivers are crossed at any point in the route. In this project 
very little solid rock has to be removed. Three combined railway and highway 
crossings and three crossings for highway traffic are provided in this section. 
ee length of restricted navigation in the canal is about 13 miles, exclusive of 
ocks. 

231. The project is designed to have ultimately double flight locks at 
Melocheville, these together overcome a lift of 80 feet and give a traffic 
capacity of 40,000,000 tons per year. 

232. As the trafhe capacity of one set of flight locks is about 16,000,000) 
tons per year, it is thought the construction of the second set may be delayed 
for some years and the project is laid out in that way. In order, however, to 
facilitate the later construction of duplicate locks, estimates and plans provide 
for the execution of the foundations and the construction of walls to the ordinary 
level of lake St. Louis. 

233. The estimated cost of the Hungry Bay-Melocheville project for navi- 
gation alone is $37,541,000 of which an expenditure of $3,901,000 can be delayed 
until the completion of duplicate locks as described above. For detailed esti- 
mates see tables Nos. 14 and 15. The above estimate provides for the use of 
lift bridges of 200 feet clear span. 

234. An overland canal of similar design can be built on the north shore of 
the river. See plates 60 and 61. It would be slightly shorter and crossed by 
fewer bridges, but it would be more costly as three rivers are crossed and good 
foundations for locks are deeper. Its cost is estimated at $40,378,000 as shown 
in tables Nos. 16 and 17. 

235. The length of restricted navigation in the above scheme can be reduced 
by the construction of a lock and dam system of river improvement. This 
obviously involves power potentialities and the substructure of a power-house 
should be incorporated with the dam required in such an improvement. If this 
be done it would become the first. stage of the project recommended. 
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236. An advantage of this north canal is that it could be combined with a 
river improvement, subsequently made for power, by constructing two short 
connections to the river. The length of restricted navigation would thus be 
reduced. See paragraph 174b of the Main Report. The estimated cost of these 
two connections is $1,922,000. See table No. 17. 


IMPROVEMENT OF SOULANGES SECTION FOR PowrErR ALONE 


237. Various projects for improving the Soulanges section for power alone 
were investigated. In general, the same problems presented themselves as in 
improvement for both navigation and power. It was found that no economical 
project could be laid down which would not interfere with present 14-foot navi- 
gation in the Soulanges canal, and also no project could be laid down which 
would not interfere, in some stage of its development, with the present Cedars 
plant. Analysis shows that the best form of improvement is the Ile aux Vaches 
Three-Stage scheme with 14-foot side canals taking the place of the deep water- 
way shown in the recommended project. The cost of this project is estimated 
at $180,711,000, as shown in tables Nos. 23 and 24. 

238. Overland canal projects which carried a diversion for power all the 
way from the foot of lake St. Francis by the St. Louis and Chateauguay rivers to 
the St. Lawrence river at the head of La Prairie basin have been considered. 
Two methods of utilizing a diversion made in this way were investigated. One 
was by a single-stage scheme and the other by a double-stage scheme, placing 
one drop at the junction with the Chateauguay river and the other at the head of 
La Prairie basin. These projects appeared to the best advantage when the 
diversion made did not exceed 30,000 cubic feet per second, but even then were 
not economical when compared with improvements of the Soulanges and Lachine 
sections by means of other projects described. 


LACHINE SECTION 


239. DrescripTIon. This section may be taken as extending from deep 
water at the head of lake St. Louis to the Alexander pier in Montreal harbour, 
mile 159 to mile 183. It is 24 miles long and covers the same territory as 
Division No. 1 in the Report of 1921. The section includes the expansion of lake 
St. Louis, the narrow stretch of river between Caughnawaga and Heron island 
with Lachine rapids at its foot, the short expansion of La Prairie basin and the 
swift water between Nuns island and Montreal. The total fall in the section 
with 242,000 c.f.s. flowing past Lachine is 48 feet. This is distributed as fol- 
lows: Between Melocheville and the outlet of the Chateauguay river, the fall 
is three-tenths of one foot. Between the Chateauguay river and Lachine wharf, 
the fall is 1-1 feet. Between Lachine wharf and the head of Lachine rapids, the 
fall is 7-8 feet. Between a point half a mile above the head of Ile au Diable 
and the foot of Heron island, which may be taken as Lachine rapids, the drop 
is 23-5 feet. Between the foot of Lachine rapids and Victoria bridge the fall is 
6-8 feet, and between Victoria bridge and Montreal harbour the fall is 9-0 feet. 

240. Upstream navigation through the Lachine rapids is impossible and 
the only boats that navigate them on the downstream Journey are the specially 
built passenger boats which operate for the tourist trade. All freight boats use 
the present Lachine canal which provides a 14-foot draft. This canal extends 
from Lachine to Montreal, a distance of 84 miles, and has five locks. 

241. Several urban centres are located along the river in the Lachine Sec- 
tion. The city of Lachine and the towns of St. Annes, Pointe Claire, Dorval, 
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Beauharnois and Caughnawaga are located on the shores of lake St. Louis. The 
city of Verdun and the town of La Prairie are located on the shores of La 
Prairie basin. The city of Montreal extends along the north shore of the river 
from La Prairie basin to the wide and spacious river below St. Helen’s island. 
The town of St. Lambert is located on the south shore at the end of Victoria 
Bridge. 

242. The lands on the north side of Lake St. Louis for eight miles above 
Lachine are low, specially near the lake shore. In this strip of land and at the 
Chateauguay Basin on the south side a large investment has been made in sum- 
mer homes which would be inundated should the lake surface be raised materially 
above its high water levels. Considerable areas east of La Prairie are often 
inundated when the river is breaking up in April. The low parts of the city of 
Verdun are dyked to protect them from inundation during the high water levels 
of the breakup period. 

243. The Ottawa River flows into the St. Lawrence through four outlets two 
of which, Vaudreuil and St. Anne, flow into Lake St. Lovis; and two, the Mille 
Isles and Des Prairies Rivers, join the St. Lawrence «at the foot of Montreal 
Island about fifteen miles below Montreal Harbour. The percentage of flow 
through each of these channels varies with the stage of lake of Two Mountains. 

244. The maximum recorded flood occurred on May 17, 1876, when 195,000 
c.f.s. flowed into lake St. Louis from the Ottawa river, and 550,000 c.f.s. flowed 
out of lake St. Louis to La Prairie basin. In three other years records of 160,000 
c.f.s. in the St. Anne and Vaudreuil channels and 500,000 c.f.s. at the outlet of 
lake St. Louis are recorded. Records show that extreme flood levels on lake St. 
Louis occur between the 29th of April and the 29th of May. 

245. Lake St. Louis is a relatively deep and short lake which overlies a 
trough in the rock surface. This trough provides a deep straight uniform chan- 
nel from Melocheville to the mouth of the Chateauguay river. From this point 
east to the Canadian Pacific Railway bridge below Lachine, the bed is irregular 
and is obstructed by dykes of igneous rock which penetrate the surface and make 
navigation dangerous for any kind of craft. Between the Canadian Pacific Rail- 
way bridge and the head of the Lachine Rapids, a short stretch of uniform, rock 
floored river intervenes. From the middle of this section, the city of Montreal 
draws its water supply by use of a submerged pipe and intake crib. From the 
head of Lachine Rapids to their foot, the river gradually expands in width and 
igneous dykes penetrate the surface in many places, especially on the north side. 
Through the Lachine rapids, downstream navigation is only possible along one 
central channel and this is flanked by rocky projecting dykes which break up the 
water into innumerable cascades or abrupt falls. 

246. In winter the regimen of the St. Lawrence river between the head of 
lake St. Louis end Montreal harbour undergoes a great change. With the advent 
of cold weather the water flowing out of lake Ontario gradually cools as it pro- 
ceeds to the sea. The rate of this cooling is proportional to the surface area 
exposed and lake St. Francis, lake St. Louis and lake St. Peter are effective agents 
in lowering the temperature of the water. The water flowing through the lakes 
of the Ottawa is cooled in the same way but more rapidly than that of the St. 
Lawrence. Usually, about the Ist of December the water flowing into Lake St. 
Louis from the Ottawa will be found to be at about the freezing point and lake 
of Two Mountains will then be freezing over. About two weeks after lake of 
Two Mountains is cooled down to 32 degrees Fahrenheit, lake St. Peter, 65 miles 
below Montreal, reaches the freezing point and, if the weather is cold, an ice 
bridge immediately forms at that point. At this time, the temperature of the 
river at Kingston will be found to be about 6 degrees above the freezing point, 
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and that of the water in lake St. Louis and lake St. Francis some degrees above 
that of lake St. Peter and below that at Kingston. If cold weather continues, 
lake St. Louis and lake St. Francis soon reach the freezing point and cover with 
ice. Usually, about 16 days after an ice cover forms on lake St. Peter, the water 
at the outlet of lake Ontario, opposite Kingston, is cooled down near to the 
freezing point and ice forms. Should warm weather intervene shortly after lake 
St. Peter, lake St. Louis or lake St. Frencis freeze over, they may open up again, 
especially if winter is ushered in by a short period of very cold weather in which 
an ice cover is formed on these lakes, while lake Ontario is still relatively warm. 

247. The ordinary flow out of lake St. Louis varies from 210,000 to 260,000 
cfs. in the early part of winter. The maximum cross-sectional area of lake St. 
Louis, opposite Beauharnois, is about 490,000 square feet at low water. Opposite 
the foot of ile Perrot and opposite the mouth of the Chauteauguay river, the area 
is reduced to about 150,000 square feet. As will be observed from the size of 
the above cross-sections, the velocity of the water moving through the upper ten 
miles of lake St. Louis is less than 1.7 feet per second and, as may be expected, 
its surface area west of the mouth of the Chateauguay, 48 square miles, freezes 
over almost as soon as it is cooled to the freezing point at the beginning of each 
winter. Between the mouth of the Chateauguay river and the Lachine Wharf, 
the cross-sectional area of the river 1s about 116,000 square feet and the average 
velocity of the moving water in winter is over two feet per second. In this 
stretch of river no ice cover forms except in the shallow bays near shore. 
Between Lachine wharf and the head of Lachine Rapids, the sectional area is 
about 53,000 square feet and velocities are so high that no ice cover forms except 
on a narrow fringe along the shore. 

248. The surface area of water ordinarily exposed in winter between ice 
cover in lake St. Louis and the head of La Prairie Basin is about 11 square miles 
and the volume of ice formed by this exposure is usually about 170,000,000 cubic 
yards. This ice is carried through Lachine rapids and is largely stowed in the 
form of hanging dams under the ice cover which forms below and in La Prairie 
basin. More than half of the exposed surface mentioned above is upstream from 
the entrance to the Lachine canal where the velocity of the water is almost low 
enough to form an ice cover. 

249. At the foot of Lachine rapids, the river spreads out into the shallow 
La Prairie basin, through which the water moves slowly for about one mile. 
Below this stretch of quiet water, a number of boulder ridges rise out of the 
water. These separate the river into three or four more or less distinct channels 
through which the water moves quite rapidly to the foot of the basin and on past 
Victoria bridge to Montrea! harbour. 

250. In the early stage of winter the southerly and northerly parts of La 
Prairie basin cover with ice, but a central channel near Nuns island remains 
open until the ice pack which starts in lake St. Peter makes upstream past 
Montreal, under Victoria bridge, and into the basin. While the pack below 
Montreal is building upstream, the water level at Montreal gradually rises 
until the head of the pack passes that point. After that, it falls slightly and 
remains at a constant level until the breakup period brings down large quantities 
of frazil and slush and raises the water level again. The maximum January rise 
in Montreal harbour is ordinarily about 16 feet. With continued cold weather 
the water level at the head of the La Prairie basin continues to rise slowly as 
more and more ice is brought to it from above. In general, the highest level 
recorded is coincident with the last week of cold weather in February or March. 
Usually at that time the water level is about 11 feet above ordinary summer 
levels. Under these conditions, the surface slope in the ice gorged section 
between Lachine rapids and Montreal is about 1.6 feet per mile. 
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251. In April, warm rains and sun weaken the surface ice which holds the 
hanging dams in place and a large quantity of surface ice, frazi! and slush 
moves from its wide berth in La Prarie basin to the narrow restricted river 
below Victoria bridge. This movement increases the length of the gorged section 
at Montreal. Under these conditions, the total surface drop becomes much greater 
than in the depth of winter and high water levels, 16 feet above summer stage for 
similar discharges are frequently found opposite the city of Verdun and in La 
Prairie basin generally. 

252. It is believed that the operation of ice breakers below Montreal in recent 
years has reduced the height to which such flood levels rise. This is due to the 
fact that the length of ice cover in the river below the gorged section is reduced 
before it begins to move and a jam far down the river where it is very narrow is 
prevented by clearing lake St. Peter of ice at an early date in April. It is clear, 
however, that the length of gorged section near the City of Montreal is not 
affected by the ice breakers operations. 

253. The St. Lawrence river flows over a floor formed chiefly of solid rock 
from about a mile above Lachine to below Montreal harbour. Rock surface is 
exposed above the water level of the river at Lachine and Caughnawaga. It ‘s 
exposed on both shores throughout the length of Lachine rapids and at many 
points in La Prairie basin and below Victoria bridge in the harbour of Montreal. 
Test borings also show the solid rock surface to be close to the river bed on the 
north and west sides of La Prairie basin. North and east of the river, between 
Lachine and Verdun, the solid rock surface is above the bed of the river, but 
between Verdun and Montreal harbour it is below. 

254. PLans For ImprovemMEeNT. The Board has considered the following 
plans for the improvement of the Lachine section:— 

(1) A side canal with locks for navigation with control of lake St. Louis. 

(2) An all river improvement for both navigation and power. 

(3) A side canal with lock for navigation without control of lake St. Louis. 

255. PLAN RECOMMENDED FoR Prosect. The plan recommended by this 
Board is for a side canal with locks for navigation with control of lake St. Louis 
and is described in paragraphs 183 to 185 of the Main Report. It is shown on 
plates Nos. 62 to 64. Its estimated cost is $53,000,000. Detailed estimates are 
given on tables Nos. 30 and 31. 

256. The works comprised in this improvement may be listed as follows:— 

(a) A long submarine channel extending from deep water in lake St. 
Louis to Lachine; this channel to be 600 feet wide for 4 miles of its 
length and 300 feet wide for 1.2 miles of its length. 

(6) An overland canal extending from Lachine to a junction with deep 

water opposite the Alexandria pier in Montreal harbour. 
This canal flanks the north shore of the river and is about 10 miles long. 
It is to be equipped with a pair of guard gates and supply weir situated 
3.4 miles east of Lachine and with three lift locks. One lock is at 
Verdun, 5 miles east of Lachine; one is at the foot of Nuns island; 
and one is at the entrance of Montreal harbour, north of Victoria 
bridge. 

(c) A dam across the St. Lawrence river at ile au Diable together with 
dams at the two northern outlets of Lake of Two Mountains and such 
other works as are required to hold the low water level of lake St. 
Louis to elevation 71. 

257. As currents at the outlet of lake St. Louis cross the submarine channel 

at a small angle with its axis, the navigation channel is given a width of 600 


feet between deep water in lake St. Louis and the end of the present Lachine 
45827—18 
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Canal breakwater. Along the inside of this breakwater the channel has a 
width of 300 feet. Between Dorval island and the north shore, an enbankment 
is provided for reduction of cross currents at this point. 

258. The overland canal above described runs parallel with the river and 
near the north shore to a point 7,800 feet east of the present canal embank- 
ment at Lachine. It is to be separated from the river for this length by timber 
cribwork. This makes it possible for the excavation inside this embankment 
to be done in the dry. A double track vertical lft bridge is provided at the 
intersection of the Canadian Pacific Railway with the proposed canal at High- 
lands. The proposed canal leaves the shore of the river 7,800 feet east of 
Lachine and proceeds for a length of about one half mile in a prism 55 feet 
deep which is excavated in earth. Hast of that point it is carried in earth and 
rock for a length of about three miles through low flat country to the shore of 
the river opposite the Verdun Asylum, where a lock with a lift of 20 feet is 
located. 


259. Retaining embankments are placed on both sides of the canal for 
a length of three miles above the lock at Verdun, the south embankment being 
connected with the north end of the dam at ile au Diable. Syphon culverts 
are located at the head of the Montreal aqueduct. A subway for highway 
traffic is provided under the canal and is located between the guard gates and the 
Verdun lock; it provides for two openings 25 feet wide and 15 feet high. 


260. East of the Verdun lock, the canal is carried for a length of 24 miles in 
a high level basin formed by the north shore of the river on one side and an 
embankment on the other. In this reach the prism, 300 feet wide, is in shallow 
excavation. At the lower end of this basin the Nuns island lock, with a 12-foot 
lift, is located at the foot of the island near the north shore. Water is to be sup- 
plied to this basin by a supply weir at the Verdun lock and is discharged from 
it by a weir in an embankment north of the lock at Nuns island. 

261. Between Nuns island lock and Victoria bridge the canal is formed in 
deep rock excavation in a basin which is separated from the river by a long 
embankment high enough to protect the reach from flood Jevels in the river. 
At Victoria bridge a weir and culvert are provided for discharging the surplus 
water of the canal and the local drainage into Montreal harbour. Two lift 
bridges are provided for the railway and highway traffic at the Montreal end of 
Victoria bridge. 

262. About 1,500 feet below Victoria bridge the Montreal lock, with a 
maximum lift of 21 feet, carries navigation into Montreal harbour. Retain- 
ing walls and the upper entrance piers of the lock hold the reach level. 


263. In the project recommended, a dam is located at ile au Diable. This 
structure is of the open wicket type and is introduced to reduce the volume 
of excavation required in the channel which leads from deep water in lake St. 
Louis to the lock at Verdun. It will also reduce the velocities at the outlet of 
lake St. Louis and will also reduce the cost of power development when such 
development is undertaken. The dam proposed is to consist of large concrete 
piers, 160 feet centre to centre, with steel truss bridges and drop wickets for 
lowering in the spring of each year after the flood flows are passed. These 
wickets are to be opened at the end of each navigation season. The throttling 
effect of the piers during flood discharge is to be compensated for by means of 
a small diversion channel which leads from the navigation channel at the north 
end of the dam. It is designed to .raise the low water level of lake St. Louis 
to elevation 71.0. 


St. Lawrence Waterway Project 275 


264. As this is higher than the extreme low water of Lake of Two Moun- 
tains, this rise in level will reflect on the level of that lake, and dams will be 
required at its two northerly outlets in order to control the distribution of out- 
flow. 

265. If flood flows in the future were to be no greater than in the past, the 
works described above would be all that are required to bring about the improve- 
ment. However, other complications enter. The immediate improvement of 
the International Section and the future improvement of the Lachine Section, 
place certain restrictions on maximum winter outflows. Then again power 
values make it desirable that winter flows be made more regular than they are 
in nature. Moreover, navigation interests demand some regulation of this flow. 
The scheme of regulation of lake Ontario submitted with the Board’s report, 
endeavours to secure the greatest good to the greatest number of interests 
possible, but in doing so, it contemplates increasing the flood flows in May to 
the extent of about 15,000 cfs. in extreme years. The conservation works on 
the Ottawa, which have been recently built and others which are in progress 
of construction, will compensate for the proposed increase in flow out of Lake 
Ontario at these periods. 


266. ALTERNATIVE PuANs. Before selecting the side canal project with the 
control of lake St. Louis above described, the Board carefully considered the 
practicability of utilizing the river channel for navigation by means of the con- 
struction of locks and dams with channel excavation. An apparently practical 
place for a dam and lock improvement is suggested by the nature of the river 
bed and the drop in water level at Lachine Rapids. Another place is suggested 
by the drop in water level below Victoria bridge. A dam and lock at either site 
might be combined with a dam and lock at the other, or either might be com- 
bined with a side canal and a number of locks above or below it. In investigat- 
ing conditions, it was found that the stretch of river between Lachine wharf 
and Lachine rapids cannot be made safe for deep draft navigation without an 
enormous amount of channel enlargement, a large part of which must be secured 
by the excavation of solid rock. 

267. To maintain the standards on which the waterway is designed, maxiy 
mum velocities in the navigable channels must be kept down to 5 feet per second, 
and a cross-sectional area of 100,000 square feet must here be provided to care 
for a discharge of 500,000 cfs., which is sometimes reached in the month of May. 
This requires a net enlargement of at least 35,000 square feet for a length of 54 
miles, or the excavation of about 37,000,000 cubic yards, the greater part of 
which is solid rock. | 

268. Obviously, no project involving such an amount of excavation can be 
justified as an improvement for navigation when the side canal, as described, 
can be built for one-third of the cost of a river enlargement between Lachine 
Wharf and the head of Lachine rapids. 


269. If the enlargement of the river between Lachine Wharf and Lachine 
Rapids were carried to the point where an ice cover would be secured, the 
amount of excavation required would be much increased. 


270. Further, conditions in this reach are especially hard to deal with 
because the natural depth in part of the river is 35 feet while in another part it 
is only 10 feet. This means a very high velocity in some parts and a very low 
velocity in others. 

271. It is not possible to execute a project for permanently raising the level 
of La Prairie Basin by means of a dam at Victoria Bridge without securing an 
ice cover in the river above Lachine Rapids because the 170,000,000 cubic 
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yards of ice must be stowed in La Prairie Basin if the river remains open above 
it and because a twelve-foot drop across La Prairie Basin must be available to 
overcome resistances in a gorged condition. 


272. Even though the enlargement of the river above Lachine Rapids should 
be justifiable as a power venture and such enlargement should cut off the move- 
ment of ice from above, the building of a dam and lock at Victoria Bridge can 
not be justified as a navigation proposition, as comparative estimates show that 
it is cheaper to raise a section along the north shore of the basin than it is to 
raise the whole of the basin itself. This is due to the great length of dykes and 
other works which are necessary to protect the town of La Prairie and the low 
land adjacent from the raised level in the basin, as well as to the length of the 
dam itself. 


273. From a power point of view, it might be suggested that the level of 
Lake St. Louis could be extended through Lachine Rapids and La Prairie Basin 
to a dam, power house and lock at Victoria Bridge where the whole head in 
the section would be concentrated at one point. Such a scheme would involve 
long and high dykes on either side of La Prairie Basin as well as extensive 
pumping and drainage works. As the water level in the river below Montreal 
would still rise a considerable amount due to ice resistance in winter, nothing 
very material would be gained from the large expenditures required to build the 
high dam and dykes above mentioned. 


274. Preliminary estimates of the cost of the above project and the value 
pf the extra power derived by such a scheme made it evident at once that the 
levels of lake St. Louis should be extended only to the head of La Prairie basin. 


275. A dam at Victoria bridge with a power plant at that point combined 
with a dam and power house at the foot of Lachine rapids is not a workable 
proposition as the totai head available, especially in winter, is too small to 
divide. Then again, if a power plant were located at Victoria bridge it would 
always be in danger of losing a part of its head through a future rise in tail- 
water level by a dam in the main river below Montreal. 

276. The power problems, therefore, centre upon how power plants might 
be built near the foot of Lachine rapids and how water might be conducted to 
them with a minimum loss of head. This can be done, so far as summer condi- 
tions are concerned, by a moderate enlargement of the cross-sectional area of 
the river between the foot of lake St. Louis and the head of La Prairie basin, 
such as is shown by the Lachine Rapids project in the Report of 1921. 


277. The Lachine Rapids project, as described in that Report, contemplates 
the enlargement of the river so that it will give a cross-sectional area of 83,000 
square feet when lake St. Louis stands at elevation 71 at the upper entrance of 
the Lachine canal. Analysis of such enlargement shows that it would care for 
the maximum flood flows occurring in the St. Lawrence at this point in sum- 
mer, namely 550,000 cubic feet per second, without raising the level of lake 
St. Louis above the elevation to which it has gone in nature and still leave a 
reasonable head for the development of power at the head of La Prairie basin. 
In winter, however, this relatively small sectional area would make it imperative 
that open water be continuously maintained between the power plant at the 
head of La Prairie basin and lake St. Louis in order to insure the quiet passage 
of expected flows without excessive damage to properties around lake St. Louis. 

278. It is thought that this improvement cannot be operated so as always 
to maintain open water immediately above the power dam and power plant at 
the head of La Prairie basin, as there is danger of ice accumulating above the 
piers of the dams and power houses and making upstream so fast that an ice 
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jam would be formed before anything could be done to release it. If such an 
ice jam should form, the velocity at its head would be about 3.2 feet per second 
with a discharge of 265,000 cfs., which records show must be passed under 
certain winter conditions. As shown in appendix “ E,” this velocity is too high 
to insure the maintenance of a free and open channel underneath this ice cover 
and any filling up or gorging of this free and open channel between the power 
house shown at the head of La Prairie basin and the outlet of lake St. Louis 
opposite the entrance to the Lachine canal will cause a great rise in water level 
in lake St. Louis and damage to the property around its shores. 


279. As a consequence of this situation, the Board finds that the Lachine 
Rapids project, as in the Report of 1921, requires modification. An enlargement 
of the section of the river from the foot of lake St. Louis to the power plants at 
the head of La Prairie basin so that it would provide a cross-sectional area of - 
about 115,000 square feet or a velocity of 24 feet per second under extreme 
winter flood conditions would, no doubt, provide a safe and workable scheme 
for the development of this section of the river. This would involve an enlarge- 
ment of the river to the extent of about 50,000 square feet for a length of about 
6 miles, requiring the removal of about 50,000,000 cubic yards, almost all of 
which is rock. Such a project would be enormously costly and would be justified 
as a power development, only if no chaper method of improvement were 
available. 


280. Powrr DevetopmMentT. The navigation improvement selected by this 
board and set forth in paragraphs 183 to 185 of the Main Report can be asso- 
ciated with a subsequent power improvement (paragraph 186, Main Report), 
which provides for a diversion of a large portion of the flow of the river, through 
an artificial channel which makes it possible to use the natural capacity of the 
river in an ice-covered condition from the outlet cf lake St. Louis to the head 
of La Prairie basin. The artificial channel is designed to carry a large amount 
of water with a small area of exposure. This complete power project is intended 
to be constructed in two successive stages, the first of which would be com- 
pleted and put into operation before the second stage is undertaken. In this 
. way the cost of the project, including interest, would be much less than if it had 
all to be built and completed at one time. It is shown on plates Nos. 65 and 66. 
Its estimated cost when built subsequent to the improvements described for 
navigation is $123,213,000. Detailed estimates are shown on tables Nos. 32 to 34. 


281. The works in the first stage of the power project may be summarized 
as follows:— 


(a) A power house on the south shore east of Paquette island. This power 
house is to be equipped with 19 units of 22,900 horsepower each and is 
designed to develop 391,000 horsepower at a 314-foot head. 

(b) A canal extending from the foot of lake St. Louis west of the village 
of Caughnawaga to the power house. The power canal is to be 1,000 
feet wide on the bottom and 26 feet deep in the submarine section 
west of Caughnawaga, and 300 feet wide on the bottom and 40 feet 
deep in the overland section, east of that point. It is to be protected 
at the upper end by gates and lined with concrete through the solid 
rock section between Caughnawaga and the power house forebay. 

(c) A reconstruction of the dam, described in paragraph 263, so that it 
can retain and hold up the level of lake St. Louis to elevation 71 
during winter conditions. 
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282. The works in the second stage of the power project may be summar- 

ized as follows:— 

(a) A power house equipped with 19 units of 25,700 horse-power each, 
situated at the foot of the Lachine rapids extending into the river 
north of Paquette island. This power house is designed to develop 
422,000 horse-power at 334 foot head. 

(6) A dam extending from the north end of this power house to Heron 
island, thence along the axis of Heron island to its head, thence up- 
stream along the rock outcrops of the river to a junction with the 
dam previously described in stage No. 1 about 1,500 feet south of its 
intersection with the north shore of the St. Lawrence river. 

(c) ‘The removal of about 3,500 feet of the south portion of the dam as 
modified for the first stage, leaving only such part of this section as 
may be used for bridge piers. 


283. Under this system of improvement, the natural river channel having 
a cross-sectional area of about 70,000 square feet, would carry about 145,000 
cfs. at a velocity of about 21 f.s. and the artificial channel having an area of 
12,800 sq. ft. would carry 120,000 cfs. at a velocity of about 9.4 feet per 
second. Both of these channels together would carry about 265,000 cfs. with 
an overall fall of about 34 feet. This system of improvement contemplates an 
ice cover throughout the entire section above the power plants exclusive of the 
area exposed in the artificial channel. It is a much more economical system 
of development than a direct enlargement of the river. In order to prevent 
sudden changes in the leve! of Montreal harbour, close supervision would be 
required of opening and closing gates as power is thrown on and off the plants. 

284. The estimated first cost of completing the first stage of this project 
after the control dam for navigation is built is $81,247,000. When interest 
during construction and interest during marketing period determined by an 
annual growth in the use of power of 75,000 horse-power is added, its cost 
becomes $100,227,000. The estimated first cost of completing the second stage 
of this project is $41,966,000 and when interest during construction and interest 
during marketing period is added its total ultimate cost becomes $46,336,000. 
See table No. 34. 

285. It will be noted that the ultimate cost of obtaining power from this 
section of the river is $180 per horse-power while the cost of obtaining power 
from the Soulanges section is $125 per horse-power. As power developed in 
the Lachine section is about 18 miles nearer Montreal than power in the 
Soulanges section, it would probably justify an additional capital expenditure. 
Estimates indicate, however, that power in the Soulanges section can be 
developed and delivered to Montreal for less than power in the Lachine section. 
It is, therefore, but reasonable to expect that power development in the 
Soulanges section will precede that in the Lachine section, and no immediate 
development for power in the latter need be provided for in the project adopted 
to give through navigation, but provision should be made for development in 
the future in the most economical way. 


286. Alternative Plans for Side Canal. Having established that the best 
form of improvement for this section is by an overland canal with subsequent 
improvement of the river for power, the reasons for the route adopted by the 
Board will now be discussed. 

287. The Report of 1921 recommends improving the Lachine section bv 
means of an overland canal extending from Lachine to Verdun, together with 
a series of raised basins, thence to Montreal harbour. 


St. Lawrence Waterway Project 279 


288. From a construction point of view the location of 1921 had many 
desirable features, but in view of the fact that the city of Verdun is growing 
fast and towards the west, it is thought to be unwise to build the waterway so 
far inland, because some day the lands west of the canal in this location would, 
undoubtedly, be extensively developed and the population therein would 
demand either tunnels, which will be very costly, or draw bridges which will be 
impossible to operate without interference with navigation and without annoy- 
ance to the public. 

289. An overland navigation canal between lake St. Louis and the river 
below Montreal, if built on the south shore would be much longer than on the 
north shore. It would have to care for the drainage of a number of streams 
which flow into La Prairie Basin from the south. If a navigation canal were 
built on the south side, the power canal would have to be built on the north 
shore. Estimates show that the cheapest combination is navigation on the 
north side and power on the south side. 

290. An overland project can be built quite well with lake St. Louis allowed 
to fluctuate as at present and if built in that way will not interfere with the 
future development of power. It is believed, however, that in the general 
interests of a future improvement of the river for power a control dam for 
summer use should be incorporated into the project. This will establish an 
open water control of the level of lake St. Louis, thereby saving 5 feet of 
excavation in the long submarine channel leading from deep water in lake St. 
Louis to Lachine and in, the long overland canal extending from Lachine to the 
first lock at Verdun. This will not effect a saving sufficient to cover completely 
the cost of building a bridge and dam at the head of ile au Diable but on 
account of the improvement to navigation brought about by this raise in level of 
lake St. Louis generally and, on account of the future benefits which such a 
control would confer on power development, the Board believes that the improve- 
ment of the river for navigation should be made in this way. 

291. The cost of improving the river for navigation without establishing a 
control of lake St. Louis is $50,848,000, as shown in table No. 35. This com- 
pares with $53,000,000, as shown in table No. 30, for the project with control. 

292. In the project recommended, the drainage of the St. Pierre river and 
the outflow from the Montreal Water Works Pumping Station are discharged 
into the basin between Nuns island and the Montreal lock. From this basin it 
is to be discharged through two arch culverts under the approach to the Victoria 
bridge into Montreal harbour. In this way the water level in the basin above 
Victoria bridge and at the outlet of the St. Pierre river will be kept many feet 
lower in winter than the level of La Prairie basin opposite. In summer, how- 
ever, it will be somewhat higher than it has been in nature but it will not be 
higher than extreme levels of La Prairie basin in May. 

293. The estimated cost of this scheme is greater than a number of other 
projects which the Board has considered but it interferes less with vested 
interests than any other project that has been developed. According to the 
Board’s standards, its estimated cost is about the same as that of the project 
recommended in the report of 1921. 

294. As mentioned earlier in this report, the City of Montreal draws its 
domestic water supply from the St. Lawrence river about 14 miles above the 
head of Lachine rapids. Ordinarily, an aqueduct of quite small proportions is 
large enough to carry all the water required by a large city. In this case, how- 
ever, the aqueduct is a large canal; its cross-sectional area is about 2,500 square 
feet for a length of about 4 miles and 1,500 square feet for a length of about 1 
mile. It was enlarged to its present size with the idea of using it for power as 
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well as for a domestic water supply. The work connected with this power pro- 
ject has been halted for some years. The carrying capacity of the parts of the 
enlargement which have been completed is about 5,000 cfs. In the plan recom- 
mended, provision is made for passing 5,000 cfs. into this canal at its head and 
also for passing 5,800 cfs. from the basin above Victoria bridge to Montreal! 
harbour. In this way, the recommended project is designed to permit the City 
of Montreal to complete their aqueduct project as originally planned. 


295. The project recommended in the Report of 1921 contemplated per- 
mitting the potentialities of the power project to be realized but, in that case, a 
change in the location of the power-house was required and only the westerly 
half of the aqueduct could be used for power. 

296. A scheme for utilizing 1.6 miles of the prism of the present aqueduct 
for the navigation canal and developing a large terminal basin for future 
shipping north of Nuns island was drawn up and carefully considered. West of 
the C.P.R. bridge at Lachine this project is the same as the recommended pro- 
ject. Eastward 1,500 feet from the C.P.R. bridge the waterway in this scheme 
turns inland 50 degrees on a curve of one mile radius, then follows along the 
axis of the present aqueduct for 8,500 feet, then turns 24 degrees toward the 
river and passes west of the Verdun asylum. At this point, a lock which over- 
comes a difference in level of 20 feet is placed. Eastward from this lock the 
waterway proceeds in an artificial basin, as in the plan recommended, about 16 
feet above the level of La Prairie basin. The lock is placed, however, at the 
foot of Nuns Island, but the raised basin is continued to below Victoria bridge 
where a lock which overcomes a maximum difference of level of 33 feet is placed. 
The project requires large and expensive drainage works as the outflow of the St. 
Pierre river and that of the sewers of Verdun have to be carried to Montreal 
harbour ‘below Victoria bridge. It also involves building a special water supply 
conduit from a point in the river opposite the old entrance of the Montreal 
aqueduct to join the present aqueduct east of the point where the waterway 
leaves it. This artificial basin, as shown, is 3.6 miles long and is flanked by a 
retaining embankment of earth and rock on one side and the Verdun dyke on 
the other. It would afford opportunities for the development of the rock facili- 
ties in, the City of Montreal. 

297. The estimated cost of the project is $1,500,000 less than the project 
recommended. It would, however, require co-operation from a great many 
divergent interests; it would require the City of Montreal to abandon the 
development of power from its enlarged aqueduct, and it might affect living 
conditions in the City of Verdun by permanently raising the ground water levei 
to an uncomfortable extent. Its alignment is not as good as in the project 
recommended and the obstructed view at the turn above the upper end of the 
aqueduct would increase the hazard of collision. For these reasons it is not 
recommended. 


POWER HOUSE INSTALLATIONS 


298. The installed capacities of the power houses in the various projects 
considered are shown on tables 36 to 38. 


St. Lawrence Waterway Project 


281 


TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 
SCHEME (242)—Continued 


(As proposed by United States Section) 


Item 


1. Dam and power houses at foot 
Island— 
(a) Dam, except unwatering— 


of Barnhart 


UXCAVALION. CATEla. Gost vatyunatend 


Excavation, rock, dry..... 
Concretemne nt ako 


GALES ere aoe ae ee ot, 
Towers, track, and bridge 
Operating cranes.......... 
Stoplogseereecc tere toce 


(6) Power-house substructures— 
United States power house— 


Excavation, earth..... 
Excavation, rock...... 


Concrete, below draft-tube floor. . 
Concrete, above draft-tube floor... 


Canadian power house— 
Excavation, earth..... 
Excavation, rock...... 


Concrete, below draft-tube floor... 
Concrete, above draft-tube floor... 


(c) Unwatering dam and power houses— 


General excavation, earth, 


Clay nemaa te 


General excavation, dredging.......... 
Cotlerdams and spumping ope mre ere nen rete lta aaaenn es en Me are 


(d) Abutments to power houses— 
United States power house— 


Excavation, earth..... 
Excavation, rock...... 
Back ile eens 
Canadian power house— 
Excavation, earth..... 


Bxcavabions LOCKss- che ae es 


Backillie wes sun 


(e) Tail-race excavation— 


United States powerhouse— 


Dredeingweee ee see 
Canadian power house— 
Excavation, earth..... 


XCay Alon LOCK a. seas ee eo 


Dred gingeay cles 


(f) Rail connections to power houses— 


Railroad to United States 
house— 


PET AC KG. Eee ere tt 


power 


(g) Superstructures and machinery— 
United States power house— 


Superstructure, 


gates, 


racks, 


Quantity 


615, 000 
163,000 
1,131,000 


1,076,000 
56,000 
138, 600 
701,800 


702,000 
104, 000 

21,300 
678, 700 


614, 000 
1,450,000 


1,549,000 


630, 000 
158,000 
890,000 


Unit 


Unit 
price 


7,500 00 
6,300 00 
16,000 00 
10,000 00 


40,000 
40,000 


CT AMES Bers cde er Ree irra Pte ote eRe eT acs Tie eee ee 
Generators and turbines........... 


Switching sess os. 464 
Canadian Power house— 
Superstructure, gates, 


racks, 


136, 500 
1,663,000 


CHAN CS ira are ucts aloe erareala asia! py adePel atl leraval’e levis ie sip Mageisv evecenet rece’ |le: sen vyeners. sie 


136, 500 
1,663,000 


Amount 


492,000 
367,000 
13,572,000 
1,357,000 
345,000 
290, 000 
48,000 

60, 000 


807,000 


10, 527, 000 


527,000 
234,000 
213,000 
10, 180, 000 


491,000 
1,813,900 
10,745, 000 


192,000 
10, 000 
80,000 

1,157,000 


49,000 
7,000 
12,000 
558, 000 


1,936, 000 


473,000 
277,000 
1,113,000 


32,000 


68, 000 
139, 000 


6,000, 000 
14,906,000 
4,303,000 


6,000,000 
18,059, 000 
4,303,000 


Sub-totals 


16,531,000 


24,000, 000 


13,049,000 


2,065,000 


3,799,000 


239,000 


53,571,000 


113, 254,000 
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(As proposed by United States Section) 


INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 
SCHEME (242)—Continued) 


Item Quantity Unit 
2. Navigation works (channels 25 feet deep)— 
(a) Approach channel above Robinson Bay 
lock — 
Exava GlOU are 4 stay ean ¢ Sd teeurronc 2 hoe aa 1,339,000) Cu. yd. 
(b) Robinson Bay lock (No. 8)— 
Excavation, open, earth............... 125,000) Cu. yd 
Excavation, trench, earth............. 274,000 £ 
Baclstlnwe.e Sseve. Basta tes piss a age eas 575,000 & 
@ONCKCLE ene toa ene oat eee 429,800 ie 
Gaeste SORTA Oe Re Ree Rees ee eee ON EeeS 6| Pairs 
Operatineimachinery: Passe os ae aes eer ei | eee ee 
Wimengeney samen 5. 508 gets = Sie sus gad en ae oa |ciisce aie Bie 
Approach walls— 
ROG ketal ePyeeren oii. cites, See ahs he 40,000) Cu. yd. 
MIME HCTiD Sarr s.cBiagiek so oekhe See 72,300 : 
Gonereten. Pee cis oon oe Ree 18,470 e 
Pailirics Ty ees: Sate & Aen ee ee 37,800} Lin. ft 
Oficeand.d welliings:,..245..k2 neice aeihte aeeeee kl canis naar 
(c) Canal Prism, Robinson Bay lock to 
Grass River Lock— 
Mxcaviavlonearwl. sem eee see anes 1,057,000) Cu. yd. 
(d) Grass River Lock (No. 7)— 
Wxcavationqearti,. cua. thienaiccen ae 904,000} Cu. yd. 
MWxcavabion, SOCK. teins ner Ceee 13, 200 s 
Baek filllb.aby, Maa i pcre beet era aera sce 576,000 
@OnGre been: eee eet a tesa ee eee 332,100 “ 
Gatess apex et ahs co ies oak eee 6| Pairs 
Operating: miachimengy . oh vacevagetbeke ose em camer porsres well crocs are eae 
Approach walls— 
Timber, CED sree cae oes eae 41,200) Cu. yd. 
Rin oo SA Ane ee eek SRS ake See 71,200) Lin. ft. 
MONTE N. eye Py antes tony) thas oe oe 27,000) Cu. yd. 
Oftrcesand dwellings My. ascut bt. ciency terrae cite tell cee teevec tier 
(e) Approach channel, Grass River Lock 
to river— 
Wxcayvabion cal Na saaneee oes eee 364,000} Cu. yd. 
(f) Dike at Grass River Lock— 
FE UU each lied cs sek coneeasiee Pa heck eee 368,000} Cu. yd. 
Riprap slope protection.../.....5.... 0% 10,300 es 
(g) Waste weir at Grass River lock— 
Excavation, earth, open............... 133,400} Cu. yd. 
Excavation, earth, trench............. 16, 200 ‘ 
BB OKT) id, ee eee oa ote, oe ea 46, 000 43 
(PATNI Os Seg ce esc Se kota, ec ee 60,000} Lin. ft. 
Concrete; Mmassisser min. ont. 2 nae 25,900} Cu. yd. 
@onerete, Pavineanaacn ue aoe cman 10,000 Oy 
Gates and operating machinery........ 8| Sets 
(h) Drainage ditch north of Grass River 
ock— 
Hixcava tions Samah. u ances eres 3,000} Cu. yd. 
(1, Diversion dike and flood channel at 
mouth of Grass River— 
Dies rockin hae te. no, ee pel Pe eee oe 63,000) Cu. yd. 
Dnedeine-vealthveceerseee ae eee 227, 000 Ob 
(7) Diversion, Ottawa Branch, New York| 
Central Railroad— 
Relocation ot lines pei. sack bie tee ae 4-5} Miles 


Bridge over Grass) River sees. cae ne 
‘Bascule bridge at locks --me se 
Bridge over Pollys Gut 


Unit 
price 


cts. 


0 65 


2 00 
0 80 


50,000 00 


Amount 


871,000 


81, 000 
1,370, 000 
230, 000 
4, 298, 000 
785,000 
310, 000 
175,000 


80, 000 
578, 000 
185,000 

32,000 

40, 000 


687,000 


678, 000 
46, 000 
230,000 
3,321,000 
730, 000 
300, 000 


330, 000 
61,000 
270,000 
40, 000 


227,000 


276,000 
31,000 


87,000 
81,000 
18,000 
51,000 
311,000 
161,000 
48,000 


2,000 


126,000 
182,000 


225,000 


Sub-totals 


$ 


871,000 


8, 164,000 


687,000 


6,006, 000 


227,000 


307,000 


757,000 


2,000 


808, 000 


1,308,000 
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TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 
SCHEME (242)—Continued 


(As proposed by United States Section) 


Item Quantity 


2. Navigation works, etc.—Con. 


3. 


4, 


(k) Dredging for navigation only, south 
channel, Cornwall Island— 
PTEG eines AGM. shee eth ea nk 533,000 
Dredging over-depth.................. 94,000 


price 
$ cts. 

Cu. yd. 0 80 
0 80 


IRemowmNgioldsOridg Cu atten hee erets|L a, concede aE [teeta secre |Patibe acters: 


(Ui) Roadwrelocationeetsty. «<<<... dees Gee ot 3-2 


(ni eReruygacross, Catal ayes. ..catiacicu tos, asf Hs Baki ek Ils o0 Pape alerts oat 


Dikes— 
(a) Canadian Shore, from 2 miles west of 
Aultsville to peeetecn, L Lake— 
Stripping. . Bence 285,000 
Bart tll temeea essa. abr onan else 3,691,000 
ROC at cn AM. 5. heya 25,000 
Riprap slope protection........./.....5 79, 000 
(b) Head of Bergen Lake to head of Barn- 
hart Island— 
Strippimeweey. cae ce aat aaa ot: 24,000 
LOE TAA ised le Oo Mae mes ee) eee cee 2 976,000 
TOC oli re sees oe see cates heer ie eee 9,800 
Riprap slope protection................ 17,400 
(c) Head of Barnhart Island to Canadian 
power house— 
URL DINGAY.«..5 1 6 SREP oes os Bdhecee te wed 74,000 
Maree alli’. wero aee Mera Berkey MO. cid. 1,403,000 
Riprap slope protection................ 19,700 
(d) United States shore, Cole Creek to 
Massena Canal, exclusive— 
Stripping. . eae os Sake 101,000 
LO ilo alll | gee ee ONS Re en ee o 1,130,000 
Riprap slope protection................ 32,600 
(e) Massena Canal, inclusive to foot of 
South Sault— 
StripONeOae nasaveheebteces cece. ood 66, 000 
HSE 305 Naeem 78 Seid See Micon 1,121,000 
EG O.C ce ete eee ee ee ee oh 8 ge 50,600 
Riprapislope protectiony..4.i6.<..::.4. 18,300 
(f) Foot of South Sault to Robinson Bay 
Lock— 
SUTRPPINGee cas ees dered. Mies nade 104, 000 
Apr ate alm atl be Spa Te ee ON OTE on ae 2,786, 000 
FRIPRAD EO tc Gac 6 oss cbc daa oae 20,100 
(g) Robinson Bay lock to United States 
power house— 
Strippinere tee oeee desc ochlacivcthea nes oe 91,000 
Manthey. eta aus oo bec ee 2,203,000 
RVIPRAD eG, hess eet Relea oty odes ae 21,100 
Drainage, Canadian shore— 
Above Hoople Creek— 
Parthyexcayv ation. gf. caso. ct occt a> oe atINL $204,000 
OTWo ue, PO ees See ree a 
Brid se sre 4 AON Pees pen dee aes ae 10 
Hoople Creek to fei Lake— 
Earth excavation.. ie of Gg ae ee BY 640, 000 
TOD: Se cs oe ccs Ase dane ee ne 1 
IBY geste. = GRR Bia oo dchinat Mteone ae 3 


Cu. yd. 0 65 
0 75 

i 2 00 

iy 3 00 
Cu. yd. 0 65 
fs 0 75 

sé 2 00 

ee 3 00 
Cu. yd 0 65 
se 0 75 

“ 3 00 
Cu. yd. 0 65 
3 0 75 

ss 3 00 
Cu. yd. 0 65 
as 0 75 

ss 2 00 

<9 3 00 
Cu. yd. 0 65 
i 0 75 

s 3 00 
Cu. yd. 0 65 
: 0 75 

ee 3 00 
Cu. yd. 0 35 
Cu. yd. 0 35 


Amount 


426,000 
75,000 


’ 


96,000 
25,000 


185, 000 


237, 000 


16, 000 
732,000 
20,000 
52,000 


48,000 
1,052,000 
59, 000 


66, 000 
848, 000 
98 , 000 


43,000 
841, 000 
101, 000 

55, 000 


68 , 000 
2,090, 000 


’ 


59,000 
1,652,000 
63, 000 


442,000 
52,000 
89,000 


224,000 
39,000 
51,000 


116, 000 


11, 263,000 


Unit Unit 


Sub-totals 


526,000 
96,000 
25,000 


19, 284,000 


3,240,000 


820,000 


1,159,000 


1,012,000 


1,040,000 


2,218,000 


1,774,000 


897,000 


116, 000 
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’ TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 


SCHEME (242)—Continued) 
(As proposed by United States Section) 


10. 


Vs 


Item Quantity Unit price Amount 
$ cts. $ 
. Protection of Iroquois— 
Dikes, earth fill.. 4 1,129,000] Cu. yd 0 75 847,000 
Riprap slope protection... eee 34,500 oe 3 00 104, 000 
Ditches Pexcaivation ject rkyen eee ae 48,000 ¥ 0 65 31,000 
Sewers and UID PSs: ae estes sven oieuttenc os Sao on AM Ae OG Onis Str ars * ar lenses er 27,000 
. Protection of Morrisburg— 
Dikes. earth! fll yo Re teen aah ee 515,000) Cu. yd 0 75 386, 000 
Riprap SlOpe-PrOovection..cnuce ce qe tues eels 14,800 re 3 00 44,000 
Ditches i excavation treats trod: saat ass 8,000 a 0 65 5,000 
CULVERTS UUEIE areas Soteie che Rostbones ee daveas oleae PN eAL on | CEA ae | 3,000 
SW els! AM CUDUTTP SiMe men emetic eens eras ochre tlhe vem esee erOs | GE see rs Ea iran 52,000 
. Storm-water pumps, Aultsville and Farran 
POint),. sgt Get dee obs eels © NG's: cm sree ce Btu ere ame cere an 65, 000 
. Fourteen-foot lock at head of Bergen lake— 
Harthiexcaviatlone.sr cates cere deren 140,000} Cu. yd 0 65 91,000 
ROCK eT rea Fe re REO 5 Reco ner Ne 3,000 * 3 50 11,000 
BAC ke AU Mere terete to eva eee ee eee 174, 000 . 0 40 70,000 
Concrete A Mee. scone eat el OH a Ee. tolette ne 57,700 - 10 00 587, 000 
Gates akc oped Cnr ae ern epoca AW SG Setsin ali seen ewes 58, 000 
Operatingsmachinenr yee okies oat ate ae oe oe ctrc ee arene ene al Oe A a 70,000 
Control works, head of Massena Power 
Canal (exclusive of dikes)— 
IHxcavationveartl waters nes ieriea7 ae 922,000) Cu. yd 0 65 599, 000 
MxcavabionsTOCK ica aen seas socio aaee 8,100 Ng 3 50 28, 000 
Dredging AMONG dul es he g Cae Es 96,000}  “ 0 90 86, 000 
Concrete ry sre scot tha me Meteo ge RES eae 81,000 f 12 00 972,000 
Foundation: contingenciestiss: inca ice a octa|perien aenek LOG Gu Vi teat ae 97,000 
Paving ar ee Ma ebe ee, e hi awanco carat 7,800} Cu. yd 12 00 94,000 
Gate House wn Mine ata aise aaaunale 332,000) Cu. ft 0 25 83, 000 
Gabe SRNR choice ati ae ek we see | amet ce A | ere 73,000 
Operating machinery.and stop logsi.-24erleeceerely tases ea eee eee 37,000 
Tnitial channel excavation— 
(a) At Chimney Point— 
Dred cine Rett Mii ty neni 313,000} Cu. yd 0 80 250,000 
Dredging, over depth................. 41,000 ef 0 80 33, 000 
Dredging. wOCk. pas panos tbee tee 185,000 sf 4 25 786 , 000 
Dredging, rock, over depth.. 38, 000 ‘ 4 25 162, 000 
Dredging, removal dike............... 65, 000 iE 1 50 98, 000 
(b) Galop Island to below Lotus Island— 
Above Island— 
Dredging Noosess. Gains. eke 1,685,000} Cu. yd. 0 80} 1,348,000 
Dredging, loose, over ee MEAL F 71,000 ‘ 0 80 57,000 
Dredging, rock, dry Pn bs 70,000 oY i 75) 123, 000 
Cut through island— 
Excavation, earth.. 4,186,000] Cu. yd 0 65} 2,721,000 
Excavation, rock.. OTS fs 639, 000 - 1 75) 1,118,000 
Channel below through cut— 
Excavation, dry, earth.. 1,359,000} Cu. yd 0 75 1,019,000 
Excavation, dry, rock S.4-45. nee 655, 000 ~ 1 75} 1,146,000 
Wirwatering rock cuts Seah eck. nce pene acoe otal tote eRe Saha One 200,000 
Dredging loosely ¢eeac news rae 4,446,000] Cu. yd. 1 25} 5,558,000 
Dredging, loose, over depth....... 96, 000 : 1 25 120,000 
Dredging, rock.. ; 252,000 4 25) 1,071,000 
Channel south of Lotus-Lalonde Island- 
Excavation, earth, in coffer........ 1,072,000} Cu. yd 0 80 864, 000 
Excavation, rock, ‘in COfler heel. 329,000 oe 1.75 576, 000 
Mireweaterin gh’ Ces 0) Re Sekine: prea ni aegne Ni ceohe | teeek ede tet na ae a a 502,000 
dO RevoVravey ae Cab teen ari dol hours came 18,000) Cu. yd 0 90 16,000 
(c) Sparrowhawk Point— ‘ 
Excavation Narycveae:. usec Riastoieate 1,483,000] Cu. yd. 0 65 931,000 
Dredg). Shine Pie ee el 742,000; “ 1 25 928,000 
Dredging, over depth: j2. 02.65. a64: 36,000 <f 25 45,000 


1,009, 000 


Sub-totals 


490,000 


65,000 


887,000 


2,069, 000 


1,329,000 


16,439, 000 


1,904,000 


St. Lawrence Waterway Project 


(As proposed by United States Section) 


Item 


11. Initial Channel excavation, etc.—Con. 


(d) Toussaint Island Cut— 
Excavations Ony eee. sateeriae suse & 
TOTEA GaN SURE M EL oe nears wea eerstare titres ee 
Dredgingwover depth. sicncn ne eu. ns. 


(e) Iroquois Point-Point Rockway— 
WXCAV ATION SOT Vah concn ete eee er ne 
IDPS CRIN OO ob ids tee ere ees 
Dredging rover depth. nen aenc. «sro: 


(f) Point Three Points— 
IXCAV AION MOLY pissin ase ei ie roa 
Dred gin & ye ea kere eran RTT eh ee 
Dredging, over depth ......8.....40- 8: 


(g) Ogden Island— 
North channel— 
IX CAV aAblONMGLY a aaah aks rin 
MD VGC ING AME ch) hea ere onal: 
Dredging, over depth..:.......... 
South channel— 
Dred pany fede tnt, Mae sestak, A itts 


12. Enlargement to 95,000 square feet section— 
Sparrowhawk Point— 
XCayationmear tlie sates iedtas seeds. cclen 
IO Tedran gees Aw ese ned Cassie ahh cin): 
Iroquois Point-Point Rockway— 
xcavation, CATON. ..o.ck acosesaeere ee: 
IO sfo embers Lome le Seen ete baa eae Bs cae 
Point Three Points— 
EXCAVALION SMe eras ere tira ee Mitiol aus 
TOPE Pate karenrrane, sigue aye ars nites aR tCe aco 
Ogden Island— 
North Channel— 
MWXCAVAbION, CattOns. tease ane cee 
Dred ering. vise: Raves Bales s\n e ets 
South Channel— 
Excavation earumcaarnet ce circles 
lB yaste arhotdien et Rie Big ie anise ene sree 


13. Enlargements at Cornwall Island— 


North channe]l— 
Harthtexcavatione mn eccace gece ccs t 
Ere PING eee Pec eas oes baa eds 
Dredging; over depth:.05..0-6 0.56.6 

South channel (additional to Item 2 (k)— 
TH ATuIMeXCAV ALONE an.) 28ers tarot = 
Dredginguen ss CNAs, fa eeh: oes ote Bhe so: « 
Dredgingiover depth. sc... 55... ssc. 


14. Control dam at Galop— 


TOXCAV AION TOC Kane e eo cisie sue aan ieee 
WONCTETE Nets ee ee te ae ee coe eee en 
(Gates tacts ison h acih Seas domo verte aiar st ole 


Operating Cranes’ sinter ec aa dintanars a sme etc 


Quantity 


2,744,000 
891,000 
46, 000 


1,135,000 
509, 000 
55, 000 


412,000 
931,000 
68, 000 


281,000 
1,006, 000 
124,000 


487,000 
80,000 


2,169,000 
800,000 


3,615,000 
625,000 


2,123,000 
373,000 


2,225,000 
541,000 


2,503, 000 
1, 160, 000 


800, 000 
583,000 
52,000 


880, 000 
3,174,000 
237,000 
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TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 
SCHEME (242)—Continued 


Unit 
price 


Stop logeufixedsnartsipe: tien tea oe ieee) net oo delewat tote ela twists 


Stop logs, movable parts.................. 
Crib See Re ie areal ssa yclage tu aa tates Seti ls 


EM WELCOEINGC A eee ree RTE ee oer all re Riel vee aval Mme etal soe Sean em atesh 


Removalion Guti am, ac cava qn aruenes 


Amount 


1,784,000 
1,114,000 
58, 000 


738 , 000 
458 , 000 
50, 000 


268, 000 
838, 000 
61,000 


183, 000 
905, 000 
112,000 


418,000 
72,000 


1,410, 000 
720,000 


2,350,000 
563,000 


1,380,000 
336, 000 
1,446,000 
487,000 
1,627,000 


1,044,000 


520, 000 
466, 000 
42,000 


572,000 
2,539,000 
130,000 


114,000 
1,440,000 
432,000 
142,000 
244,000 
60, 000 
24,000 
39,000 
50, 000 
1,610,000 
63, 000 


Sub-totals 


2,956,000 


1, 246,000 


1,167,000 


1,690, 000 


26,731,000 


11,363,000 


4,329,000 


4,218,000 
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TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 
SCHEME (242)—Continued) 


(As proposed by United States Section) 


. : Unit 
Item Quantity Unit prite Amount | Sub-totals 
$ ets. $ $ 
15. Flowage and damage— 
(a) Canadian shore— 
Chimney Point to Morrisburg— 
Sail SNA Pt Ofc fort da ce Sy. OE ES teat batechee Al etc aes 295,000 
| Gay ab Geos 002) oy cl ee Be Re SERIAL cctt| cg. OO |e uae arated h erick atubecise hs. 772,000 
MOWHIDPLODCT UY. Norrstaeia sh ree ee als el eae ese aaa | 364, 000 
Morrisburg to head of Bergen Lake— 
Land directly required and in 
BEVETAN GOWN. eas ciate desler aes Sh RR Te eee anal aok at erates ae 1, 435, 000 
UNIPTOV CLICNES Ae rec ergo me eel ak | Ce eae ome ere ieee cites aie tercrenere terme 1,658,000 
VOW PLODEL UY s sheets te rete oe tee VTE | eae Te TNS | RM soe ae Ieee ee ceeee 1,050,000 
—————| 5,574,000 
(b) United States shore— 
Chimney Point to Waddington, in- 
clusive— 
I isch oto keane Aten Rey: Pen near ks eeed a eel), Ak aman in 7 ald AR 188,000 
Pina pro VeEMent Sse Oh Mamie athe a cA eve uaveten oa | Meee ats vo ic fale ceva oe: eas 175,000 
TROWMDIOPCL tyne ask eae ec ee | ee ee oe os he la emcceerren 488,000 
Waddington to Massena Canal— 
ASAT SU dc vk Pee ee hic eee Ses acne | ee Se ee ee ES Ae 706,000 
TIM PLO VEM ONES. Pst eae se aI ee eID ai Se eae 494,000 
Massena Canal to Massena Point— 
STG See ONee rte 2 Re A |e Ree cee | Mee 8k 2A eee eee 513,000 
Tmiprovementss.%. a: cso ae ne oe csc ere merece etree ne orl kare metaene ae 335, 000 
—_—_—— 2,897,000 
(c) Islands— 
Above Long Sault Island— 
Cand SHE oi hy ngs seed eee aah ee te een craton Set) Saeeraete re aes 402,000 
TIM PLOVEIMENES . fe os coh ene ee te Fenelon ce toto rec aes 343,000 
Loney ault sland eM rad asd veces c |e eee eee tte Peer 265,000 
Barnhartel sland Meee cs fhe, co aike os Al eee eas [tae cine tial Seen 219,000 
Sheelemlstang Pa) yee See 2 Aachen ee | ee ee 20,000} 1,249,000 
(d). sPower leases g $020.5 oye detest footers ole aaa eae Pen eee tare | aera titer an 275,000 275,000 
9,995,000 
16. Railroad relocation— —— 
Norwood and St. Lawrence Railroad— 
TT Chee ees Ie eNO Ceres A tad nt ten take 4-5} Miles | 35,000 00 158,000 
Bridges sae, Pov ttwes sats chad me tet ee | in sea ley sicgora ecll eaevenato el apael 50,000 
Stations nies cee Se ett aaes. thee 7s ae ee Ie ok AGE HE ea 30,000 
Canadian National Railway— 
EE Paice etre ne cine ee Ohad 5-9 Miles {100,000 00 590, 000 
Bridges Ae: Ve Re eg a are hereon 2 [eters tare 30,000 
——— 858, 000 
17. Highway relocation— 
(a) Canadian shore— 
Johnstown to Morrisburg— 
FROd Cs aa ere ee oe herder errno oie 10-7} Miles 40,000 00 428,000 
TIM Ge SN . Peee ree Meee cee och oi Me meres ake | Sak Ace e Sue) eae a 25,000 
Morrisburg to Bergen Lake— 
ROAGS NRE e See Gedan heer 19 Miles 40,000 00 760,000 
‘Bric gerataNasns@reele, 2.0 ere ann | eet marae ee teens nl eo rete ees 7,000} 1,220,000 


(b) United States shore— 
Chimney Point to Waddington— 
Raising grades sas ter Aen rere ocioin ei ts a oe, eal ign shore neers 37,000 
Waddington to Massena Canal— 
Concrete roads (including embank- 


MONG lee gee Pe ee 7-2} Miles 60,000 00 432,000 
Barth roads. jx ian ree ae 1-5 fe 5,000 00 8,000 
B20 (0 (<2) < ON AA aN A Be uk Sea reg Ail tits tink deena (in cbkeneleoetal i Gong Gaara 84,000 


561,000 
1,781,000 


St. Lawrence Waterway Project 


287 


TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 


SCHEME (242)—Continued 
(As proposed by United States Section) 


Item Quantity Unit bea Amount Sub-totals 
$ = ets. $ $ 

182 Clearing meservoil site. ss,.cc.ce cero. + 5,800) Acres 100 00 580,000 
wn 580,000 
INGUSUCSE IS cb eng oer ei erie Or erin: Wawa 5 05). 0c nee 209, 189, 000 
Engineering, administration, and contingencies|.......... LEO cilia’ acest OM Ae 26, 148,000 
235,337,000 

SUMMARY 
Item Net cost | Overhead Total 
$ $ $ 

1. Dam and power houses at foot of Barnhart Island............. 118, 254,000) 14,157,000} 127,411,000 
2. Navigation works (channels 25 feet deep).. weseeeesseesee | 19,284,000) 2,411,000] 21,695,000 
ICES ae a ee sn ih etl cee Cie AM he a oe MR older ies 11,263,000} 1,408,000] 12,671,000 
AM prainagenCanad tan shores teen. ara eh acs cob ees ute eae ee 897,000 112,000} 1,009,000 
HEED TaAimaremUmited wtavesSNOLe aa ce ciheee eas maih oo dyes sacle 116, 000 15, 000 131, 000 
GMETOLECLIOM Ol LEO GUO etree hades Se ees o.ih ws shhh Geadete Stel! a 1,009,000 126,000} 1,135,000 
VMEP TCE CTIOINO tN LOLTISUTG bys 201 kos Woke ee cin a eee acre ae 490,000 61,000 551,000 
8. Storm-water pumps, Aultsville and Farran Point.............. 65,000 8,000 73,000 
9. Fourteen-foot lock at head of Bergen Lake.................... 887,000 111,000 998, 000 
10. Control works,head of Massena Power Canal (exclusive of dikes)| 2,069,000 259,000} 2,328,000 
dd? [Initial channeVexcayvatione: 0. 525k ote oe he eee onset. 26,731,000 3,341,000] 380,072,000 
12. Enlargement to 95,000 square foot section.................-.+6- 11,363, 000 1,420,000} 12,783,000 
18. Enlarcementstat;Cornwallisland.......00.-2e teen. oe de elon? 4,329,000 541,000} 4,870,000 
TAS Control WanmaimGalop rons cco ethos acne te ee Ser eee eae! 4,218,000 527,000} 4,745,000 
15 pelo ware ancedamape we we naa aaa creation ee beets 9,995,000 1,249,000) 11,244,000 
Gy HUANG HATE OLDE I0R Gatch since Sais» aur) Palen “ip pyaar eee 858 , 000 107,000 965,000 
Loh waver Clocavionsches-eu cscs os dase cee peh eet secs ecco. 1,781,000 223,000 2,004,000 
ASSOC learineg TESCEMOIL SCCM Me, aartd ane vcroeisles Se ee Mie cea ae ae 580,000 72,000 652,000 
209,189,000! 26,148,000] 235,337,000 


TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 


SCHEME (242)—Continued) 
(As proposed by United States Section) 


: : Unit 
Item Quantity Unit rice 
$ ets. 
For OTHER CHANNEL DrprHs 
A. Saving if navigation channel is 23 feet deep 
originally— 
(1) Approach channel above Robinson 
Bay— 
Excavation saved.......-............. 104,000} Cu. yd. 0 65 
(2) Canal prism, Robinson Bay lock to 
Grass River lock— 
xcavationisaweds.. ctie..... Selle: 157,000 = 0 65 
(3) Approach channel, Grass River lock to 
river— 
Wxcavatiou Savedtaeee os) Waka. hoe. 9,000 ee 0 65 
(4) Dredging for navigation only, south 
channel, Cornwall Island— 
Droaeingsavieduce pee ee oe 224,000 ve 0 80 
Owvendepthiisavedenty. oe. Al abo: 40, 000 a 0 80 
Engineering administration and contingencies. .|.......... 123% 


Amount 


68 , 000 


102,000 


6, 000 


179, 000 
32,000 


Sub-totals 


387, 000 
49,000 


436, 000 
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TABLE I.—ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION—SINGLE-STAGE 


SCHEME (242)—Continued 
(As proposed by United States Section) 


Item 


B. Additional cost if channels are made 27 


feet deep originally— 
(1) mpprencls channel above Robinson 
ay— 
Excavation added.. 
(2) Canal prism, Robinson ‘Bay lock to 
Grass River lock— 
Excavation added.. 
(3) Approach channel, Grass River lock 
to river— 
Excavation added.. 
(4) Dredging for navigation only, ‘south 
channel, Cornwall Island— 
Dredging added 
Owerndepthraddedinc wentci baie 
(5) Control dam at Galop— 


Quantity 


160, 000 


10,000 


261,000 
37,000 


Unit 


yAdditionalagate andsplerey. a.. tesse alae ce fos call cates il eee ee 


C.Cost of future enlargement from 25-foot 


depth to 30-foot depth— 

(1) Excavation, above Galop Island— 
Dredoing Moose... ays: eee ee boas ese 
(Dredemewetock ts tee fa bh. ene 
Dredging, rock, over depth............ 


Amount 


70, 000 


104, 000 


7,000 


209, 000 
22,000 


60, 000 
432,000 
245, 000 


(Q)eRevision otcontrolpworks.4..08. cocci ons css oisac es estes, © ol et eee et eee 


(3) Approach channel above Robinson 
Bay— 
Dredgingabes cre wae ofp Bo shea oonevelses 
Dredging; over depth s.¢%...--!.. 03.5 - 
(4) Canal prism, Robinson Bay lock to 
Grass River lock— 
Dred ein go ennionetee sikarnrrun omrrminetee 
Dredging. over depth nc. ious eee: 
(5) Approach channel, Grass River lock to 
shore— 
ILCAGING hs AR tatiana cal inene ae 
Dredging, over depth... shee s. seh 
(6) Dredging for navigation only, south 
channel at Cornwall Island— 
WOredeine Weuthia. taeda h oe cel eae: 
Dredging, oven depth. oe. bere 


231,000 
46,000 


393,000 
80, 000 


24,000 


5,000): 


772,000 
340,000 


Engineering, administration and contingencies.|.......... 


290, 000 
60, 000 


18, 000 
4,000 


579, 000 
255, 000 


Sub-totals 


450,000 
56, 000 


506,000 


2,197,000 
275,000 


2,472,000 


TABLE 2.—_SINGLE-STAGE SCHEME WITH DAM AT HAWKINS POINT 


Item 


1. Dam and power houses at foot of Barnhart 


Island— 

(a) Dam, except HS Se 
Excavation, earth.. : 
Excavation, rock, dry.. 

Concrete... ihn waa ee een cis r 


GSES ee a REECE 
Towers, track, and bridge.......... 


Amount 


933 , 000 
326,000 
10,726,000 
1,072,000 
330, 000 


Quantity Unit Unit 
price 
$ cts 
1,485,000) Cu. wd. 0 65 
145,000 2 25 
893, 800 if 12 00 
10950 ee ee 
33 Spans 10,000 00 
33 ,800 00 


224, 000 


Sub-totals 


UE 
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TABLE 2.-SINGLE-STAGE SCHEME WITH DAM AT HAWKINS POINT—Continued 


Item 


Dam and power houses, ete.—Con. 
(Wperatineeranes syn verre Seen: 2 
Stop logs.. Ate 
Tail-race excavation below Dam— 

Dry earth 
Dred sini eA lOOseie ce cc nce entheuty anes 


(b) Power-house substructures— 

United States power house— 
Excavation, earth, dry.. 
Excavation, rock, ‘dry ck 
Concrete, below deena floor. . 
Concrete, above draft-tube floor. . 

Canadian power house— 

Excavation, earth, dry.. 

Excavation, rock, ‘dry... fe 
Concrete, below draft-tube floor.. 
Concrete, above draft-tube floor. . 


(oomUnwatenin eo: damn wi. si. Ar oc aaeea es 


(d) Abutments to power bases— 

United States power house— 
xcavation, earth average osu: eee 
ixca via tlONmrOCKie «hepa anes | 
VERO fete see Mth MEP PER arte Oat, eee 
(ONENE TOMS acl oa ur nok erences 

Canadian power house— 

EOXCaw. a Clon ear tM meen nme eens 
IW pQOP NAN LOD HOLE ean we Geemen oat oe as 
TROL a aU AIG iy) ak pacee rate Me ene eR R RS ee 
GONCTECG aoe oF ee es ae Ee ees 


(e) Tail-race excavation— 

United States power house— 
Hxcayvations earvhl, Giyo.. a... es. 

Canadian power house— 
Excavation, oe = ee cemie [eadeee 
Dredging, earth.. ; 
Dredging, rock.. 
Excavation, dry, rock.. 


(f) Rail connections to power houses— 
Railroad to United States power 
OUSEA TraClc WA Mah el. As ee. 
Railroad to Canadian power house, 
track 
IBTiGeesmehaeee cde w ict asst nety hte. 


(g) Superstructure and machinery— 
Estimate Ijitem 1 (g)........ 


2. Navigation works (channels 25 feet sie ol 


Estimate I, item 2 (a) to (m).. 


3. Dykes— 


(a) Canadian shore from 2 miles west of 
Aultsville to Bergen Lake— 
Histimiatesl, item. Sa aye Sa-%. . es. 


(b) Head of Bergen Lake to Head of Barn- 
hart Island— 
Hstimate Te itemmon(O)hacesk sa. sane ace 


(c) Head of Barnhart Island to Canadian 
power house— 

SUTIpp Mon Nets. PaO see 3 ME aes 

RDP H aula!) CRG Bye Sam 9 ee GO RON Ps La 

Riprap-slope Protection,....46.. 00ce6. = 


45827—19 


Quantity Unit jcc Amount 
Sar Cts: $ 

3| » Hach 16,000 00 48, 000 
4, Sets 12,500 00 50, 000 
4,442,000} Cu. yd 0 65} 2,887,000 
1,330,000 . 1 25} 1,663,000 
1,907,000) Cu. yd. 0 65] 1,240,000 
57, 600 i. 2 25 130, 000 
346, 000 s 10 00} 3,466,000 
721,800 ve 15,00) 10,827,000 
1,378, 000 os 0 65 896, 000 
57,600 iS 2 25 130, 000 
38, 000 y 10 00 380, 000 
718 500 S 15 00} 10,778,000 
eto ee ec RAT REZ eo 2,440, 000 
459,000} Cu. yd 0 65 298 , 000 
3,000 ‘i 3 50 11,000 
339, 000 td 0 40 136, 000 
120,100 i 12 00} 1,441,000 
276, 000 - 0 65 179, 000 
2,900 ie 3 50 10, 000 
206, 000 ee 0 40 82, 000 
69, 800 12 00 838 , 000 
6,504,000) Cu. yd. 0 65} 4,228,000 
2,475,000 a 0 65); 1,609,000 
689, 000 A 25 861, 000 
43 , 600 a 5 00 218, 000 
122,000 S sa 6s) 214, 000 
2-1; Miles 40,000 00 84, 000 
2-7 - 40,000 00 108, 000 
PRON POEMC RN oe ricci WE eat cide uti | 139, 000 
seta esis 5 cic Nabe racer ae dec che 53,571, 000 
1k Oey de, | PNR (Gente ce ae 19, 284, 000 
SRR clei ces rae ope eee ce oar 3, 240,000 
Lb kietehe, DED far. a ory ek 820, 000 
56,200} Cu. yd. 0 65 37,000 
740, 000 Kf 0 75 555,000 
13,100 Se 3 00 39,000 


Sub-totals 


i) 


18,279, 000 


27,847,000 
2,440, 000 


2,995,000 


7,180,000 


331,000 


53,571, 000 
112,593,000 


19, 284, 000 


3,240, 000 


820, 000 


631,000 


290 St. Lawrence Waterway Project 


TABLE 2—SINGLE-STAGE SCHEME WITH DAM AT HAWKINS POINT—Continued 


Item Quantity Unit ae Amount |} Sub-totals 
$ cts $ $ 
3. Dykes—Con. 
(d) United States Shore, Cole Creek to 
Massena Canal, exclusive— ; 
Histimate DT. 1tem. 3 (du) acs steosses coe ete ltove sutconrer> cr silfala <2 aerosols |e reer ae 1,012,000 
————| 1,012,000 
(e) Massena Canal, inclusive to foot of 
South Sault— 
Estimated, 166m: o.(e)) eae ccc cisinie lle we ene climecee et one |e eee 1,040,000 
(f) Hoge Gone ee Sault to Robinson Bay 
ock— 
Pstimate Merten SiG). oes cle oo cttoate ool Pe reee rete. oltre era eats eet hae 2,218,000 
—_—————| 2,218,000 
(g) Robinson Bay lock to United States 
power house— 
Stnippinelpeee sie Meee coos wore eee 41,000} Cu. yd. 0 65 27,000 
Mart belle: ce ete cee esse eee 935,000 i 0 75 701,000 
Riprap slope protection................ 8,900 S 3 00 27,000 
755,000 
9,716,000 
4'to 18—Estimate LD, items'4 to 18) inclusive... sss. ar ne os ose eee 65, 388 , 000; 
—————| 65,388,000 
A BCo'eW nC QeM CL O}=] Hee at ROME =, nS Go NEE RRR alli cetierattis o vllomac atone ooe 206,981,000 
Engineering, administration, and contingencies].......... LDF oo. Poa Sh eek iel Mes CRT 25,873,000 
232,854,000 
SUMMARY 
Item Net cost | Overhead Total 
$ $ $ 
1. Dam and power houses at foot of Barnhart Island.............. 112,593,000] 14,074,000] 126,667,000 
2. Navigation works (channels 25 feet deep).......................| 19,284,000 2,411,000} 21,695,000 
Bo Dikes ly Uy tee) 504 eee, tes aes ee Ae Ecce See 9,716,000 1,214,000} 10,980,000 
Ato VS) InClUsiyie Marae baa es itera Ra Saks Rate ee ses cos tte 65,388,000 8,174,000) 73,562,000 
206,981,000! 25,873,000] 232,854,000 


TABLE 3.—SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE 


: : Unit 
Item Quantity Unit prec 


1. Dam at Long Sault and power houses at 
foot of Barnhart Island— 
(a) Dam, except unwatering— 


Lixcayavion, CartObeen ase ee ante 1,267,000) Cu. yd. 0 70 
TUX CAVeb1ONe.LOC Kayenta Anes ars ae 1438, 000 a 3 50 
(ZONCKETE HAR ee Moin Pict odo cen oeiok 716,100 ef 12 00 
Houndation contingencies... 05-5 acne ccineemer cone NOEs atl Were ere meet 
(GATES Oni. ee ME Sone da at ere cm 46) Each 7,100 00 
Towers track, and. bridge-.p-.44a,seu 46) Spans 6,300 00 
Operatineveranes Akteas ners oto ee ere 4, Each 14,000 00 
Stoprlors wrens ochre Sees 6} Sets 4,000 00 


(b) Powerhouse substructures— 
United States and Canadian power 


houses— 

Excavation, earth, dry............ 1,386,000) Cu. yd. 0 65 
Excavation, rock, dry............. 299, 500 ec Me Ns 
Concrete, below draft-tube floor... 7,600 se 10 00 
Concrete above draft-tube floor,...| 1,294,400 ee 15 00 


Amount | Sub-totals 


11,537,000 


21,067, 000 


St. Lawrence Waterway Project 


291 


TABLE 3.—_SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE—Continued 


Item 


1. Dam at Long Sault, ete —Con. 

(c) Unwatering dam and power houses— 
Powmenshiouses: backhoe Gea ects 
Dam 
Diversion cut across Long Sault Island- 

Excavation, earth 
Excavation, rock 
Dredging, loose 
@onenete, LMI ye. co. deena eas 
CGompensationywelr....$..0. o6< .sa 
Temporary gates at dam to control 
diversion 


(d) Ice sluice at end of United States 
power house, including abutments- 
Excavation, earth 
Excavation, rock 
(GOUChEL Cte weds tecehe steed rare aka 


StOpMacsa. sae mA eater on a. 05 2 


(e) Ice sluice at end of Canadian power 
house— 
Excavation, earth 
Eixcaration. roclksys. Gary sec 4s sen dh Evers: 
Concrete 
Gatecesen eres. 2st. Saas Bee 
SOD OCG - cE A loo oes Bapacatees 


(f) Tail-race excavation— 
United States and Canadian power 
houses— 
Excavation, earth, dry 
Excavation, rock, dry 
Dredging, loose 


(g) Forebay excavation— 
United States and Canadian power 
houses— 
Excavation, earth, dry............ 
Enlargement of Little River— 
EX Cav abloms carthi sWeeter tn. ceek 


(h) Superstructures and machinery— 
United States and Canadian power 
houses— 
Bstimated, atemele (gies... .c...4 +8 
(1) Rail connections to power houses— 
Railroad to United States power house, 


BUCK Panta ere ae a ee ee 
Railroad to Canadian power house 
UB ALC Real yoR Rel ate eie soat oon wear ete 
BTID GCCRR ANE Ls WEE PER Ser scrciss ob 
(7) Ice divertor, at head of Little River— 
EixGayaAblonpsuearbaee, =o... ac eek 
COonCTEUC HERI Ee. Sint acts Maasenteans oe 
OOM BI sts recs, sles tes beaten 
AWmWabenIM eer cm Gala teak eae oc a 
Traimmordike= Warth ullia. 2s... ssh 
; Ripe apse cen asec ee chee 


2. Navigation works (channels 25 feet deep)— 
. (a) Embankment, South Sault— 
Rock fill 


45827—19} 


Quantity Unit 
2,472,000} Cu. yd. 
125,000 - 
707, 000 s 
32,000 es 
479,300) Cu. yd 
19,000 = 
199,900 ne 
200, 000 . 

4| Hach 
1} “Set 
40,000] Cu. yd. 
28, 400 gi 
109,300 f 
4| Each 
1 Set 
3,615,000} Cu. yd 
975,300 is 
374, 000 ie 
444,000} Cu. yd 
88,000 sS 
9} Miles 
1 54 i 
53,000} Cu. yd 
29,500 ‘s 
1,800) Lin. ft 
106,000] Cu. yd. 
3,800 ue 
197,000} Cu. yd. 


Unit 
arige Amount Sub-totals 
S) Ghs, $ $ 
ree ee 2,416,000 
ee eee 3,527,000 
0 65} 1,607,000 
1 O45) 219,000 
0 70 495,000 
12 00 384, 000 
eh 400, 000 
cf ee acta 100,000 
——_———| 9,148,000 
0 65 312,000 
35 67,000 
12 00 2,399,000 
40 0 
6,500 00 26, 000 
8,000 00 8,000 
Tee wire 20,000 
2,912,000 
0 68 26,000 
SiO) 99,000 
12 00 1,312,000 
6,606 00 26,000 
8,000 00 8, 000 
Bone as 20, 000 
1,491,000 
0 65 2, 3&0, 000 
1 775i, 1,407,000 
AS 468, 000 
4,525,000 
0 65 289, 000 
0 65 57,000 
346,000 
ere CaS 53,571,000 
————| 53,571,000 
40,000 00 360, 000 
40,000 00 62,000 
bY ee 139,000 
561,000 
OLS 40,000 
12 00 354, 000 
75 00 135,000 
No ae 98, 000 
0 75 80, 000 
3 00 11,000 
718,000. 
105,876,000 
1 00 197,000 


197,000 
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TABLE 3.—SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE—Continued 


Unit 


Item Quantity Unit Bree Amount 
2. Navigation works, ete.—Con. $.. ‘cts. $ 
(b) Channel above upper lock— 
EXCAVALIOIACALUL aaa Oa ee anaes 1,250,000) Cu. yd. 0 65 813,000 
Concrete, bank protection.. ah 2,000) Lin. ft. 9 00 18,000 
ADAP ARDEA RN nh Are AN A Ast cate tL 0-5} Mile 2,000 00 1,000 
"e) Upper lock (N°. 8)— 
Bxcavation, Carte n 0 dose oan pele tenon, 000 CGus-y.di 0 75 874,000 
EUXCAVablOn, LOCK Meret = 7 et 17,500 3750 61,000 
Ie Kel @icUU ANNE Tenses 5 cL Seen s o el 736, 000 - 0 40 294, 000 
CONCRETE Me ccd ech eh ea ore aes 378, 100 x 10 00} 38,781,000 
Grates Soe ee i ome cage ie > CURR a OF Parra || ReNee eee 785,000 
Operating Machmery. ) cnr at oe cee er ese eae eee | ete eh eee eae 310,000 
IE NEE ON Cy ACAI ns ERE eek ne ce NRL ee ed | ere cs | ee 175,000 
Approach walls— 
CONGT ete a ine ied he ee 54,400} Cu. yd 10 00 544,000 
NU bbe yA bu A ACR MM ON BOA TES oleh 198,000} Lin. ft. 0 85 168, 000 
Ofiiceiand' dwellings ons chuck Gie eee ee ee cada oer cnet ee 40,000 
(d) Dike, at Robinson Bay— 
Barth alls... eo Mee. eu F 96,000) Cu. yd. 0 75 72,000 
Raprano Med ecccercec te EE ee 4, 200 es 3 00 13,000 
(e) Canal prism, upper lock to Grass River 
lock— 
Wxcavavionweahun ade ee eee 6,194,000) Cu. yd. 0 65| 4,026,000 
Concrete bank protection.............. 16,000} Lin. ft. 9 00 144,000 
ig hitingry aie hires tree teeo panne BOR CM. 3) Miles 2,000 00 6,000 
(f) Grass River lock oe Vm 
Excavation, earth.. LER aD 905,000) Cu. yd. 0 75 679, 000 
Excavation, rock.. 13,900 3 50 49,000 
1S} 246) peal ia hay PP PUN A) 588, 000 e 0 40 235,000 
COomeretes Geos cea RUE See ie: Bee Se 10 00 3,373, 000 
(OE hi cceee ieee nts: A Semmens Gilnar yt ce Seas 6 IEP aed | ere ee 730, 000 
Operating maaich ier yaneic ci sok eee ee Cath eae eT ee eee | 300, 000 
Approach walls— 
AD call oes ee GN oysya dapion teats: Cues eh rey ae 41,200] Cu. yd 8 00 330,000 
Piling.. 71,200) Lin. ft. 0 85 61, 000 
Concrete... 27,000} Cu. yd. 10 00 270,000 
Office and dwellings. . RRA 1 Se Se meg Sy 40,000 
(g) Approach channel, Grass River lock 
to river— 
Tistimate tl water? ((ey)iey.x oh an. age ge eet ate we eon AUN) oy aha Tn 227,000 
(h) Dike at Grass River lock— 
Histimiate Tesitemn 2 (fic anger tees oie ilies ale eine bil fewer eee es Tene 307,000 
(i) Waste weir at Grass River lock— 
Eostamate Lerten: (Gui ctctre oa ee Po ee cee [tee eee et | ee 757, 000 
(j) Drainage ditch, north of Grass River 
lock— 
Eistima teri Then s2" (iM Warne Mer. eh em wn ey ge on ce elles Oats set (VR, 2,000 
(k) Diversion dike and flood channel at 
mouth of Grass River— 
Estimate cn ucerate (0) aerate ek: Bee et | Gren meee [Pe ce ee ance [PF a 308 , 000 
(1) Diversion of Ottawa Branch, New 
York Central Railroad— 
Hatamratesl #itera 27 (gh) wo game ets eine cere com teas | h 2 8 een te men en 1,308, 000 
(m) Dredging for navigation only, south 
channel, Cornwall Island— 
istimateviky ctena: on (iis ae eener Coe eile aes seat | ee hacia | eu ear 526, 000 
(Cry Road TeLocaclon tw we a meee cee ll eee maeee cole eee atta (ae 117,000 
(c) Ferry across Banat! Ue ee i eh decd Wek Bac Pade ee de Si Acne 25,000 


Sub-totals 


832,000 


7,032,000 


85,000 


4,176,000 


6, 067,000 


227,000 
307,000 


757,000 


2,000 


308, 000 


1,308,000 


526,000 


117,000 
25,000 


21,966,000 
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TABLE 3—SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE—Continued 


* Gone Unit Pete 
Item Quantity Unit orice Amount Sub-totals 
> cts $ 3 
3. Dikes— 
(a) Canadian shore, from 2 miles west of 
Aultsville to Bergen Lake— . 
Depa i reteh roth Ua ireveal has Uy ake. & cas ers eel neeuel ate ee chee Regs aeO aM me ge oe aH 3,240,000 
—————| 3,240,000 
(b) Boee ve a Lake to foot of Sheek 
Island— 
Stripping. . rd Muy 2: ch a VN of, 97,000) Cu. yd. 0 65 63 , 000 
Fill, Rathi Mh. aL AeA 2,045, 000 OULD 1,534, 000 
Dror eR ate eda 15,000 i 2 00 
Rup rain teen eee eee celta, Asien clon 22,100 if 3 00 66, 000 
—| 1,693,000 
(c) Foot of Sheek Island to spillway at 
Little River— 
ROVE 8) AEE N Nas ot AP ear ote so RRO Beye eee 323,000} Cu. yd 0 65 210,000 
ME Rr bayer ee Pees recente as ee 7,191,000}: eS Ont5 5,399, 000 
Fill, TOYO Ca, ee FAS kos REE ono A 149, 000 i 0 50 5,000 
Riprap ce eae Me an te 19,300 A 3 00 58, 000 
5, 742,000 
(d) United States shore, Cole Creek to 
Massena Canal, exclusive— 
TSU ULTa a COMERPIETIO ON (Cs) Meee ree. cp cre cicy| raise Shi cette, hones bates oe bathe elon 1,012,000 
————| 1,012,000 
(e) Massena Canal to aE Sault dam— 
Stripping. . PARR EET Sie 25 34 et ss 35,000} Cu. yd 0 65 23, 000 
DAT ULAT Lemna BONE DPE GAE ES avidin SS ish 730, 000 e 0 75 548, C00 
Bipra pines cee. cata sg 17,000 3 00 51, 00 
622,000 
(f) ee Sault dam to United States power 
house— 
Stripping. . kh OM, 8 oleae een, 59,000} Cu. yd 0 65 38, 000 
LOCALE a) SUH Leys aren Sag Uae len Ree FRM aoe ran 1, 240, 000 a 0 75 930, 000 
TSCH ay eH Oe ogee ete TS Oi ER are 20,400 ie 3 00 61, 000 
-| 1,029,000 
13, 338, 000 
A tora ustamate: lavtems: 4atomlaanclishyie. +]! sch sm ails clea ae alee omen 52,174, 000);— a 
| oe bit 000 
15. Flowage and damage— ee ee 
(a) Canadian shore— 
US UAT A LORE ALTO TINA OS (ie ate a are Fe aes lero Aes meyer PSs deaeake> 5,574, 000 
TANG St eran ok oC a ee eee AUG, ty 160] Acres 1,000 00 160, 000 
5, 734,000 
(b) United States shore— 
Chimney. Nea to Waddington, inclu- 
siv 
ees Dee mnilOR (Oe meat eine eden eearirs ay fonts Melee | ie ee emeerek a 849, 000 
Waddington to Massena Canal— 
ngs bh caniahirieh Ral teva altel Liver Won), Semen eae Pree net aires MAREN RSP ARE oe ete een 1,200, 000 
Massena Canal to Massena— 
Wanda h emery ae Po eho eect MODE: Aare x call wate RTA de eeind aie Ae 514, 000 
SECS) OEE va ott A te hs teh ack ae, WA bi Pa nea aa UR YS alae UREA Oh bl Oe 25,000 
Seviehancem a ertaat ca eae Watney ace! 1,720} Acres 155 00 267,000 
2,855, 000 
(c) Islands— 
Above Galop Island— 
DS tinneaterleticennel one: mete a ieee rocel lta srietateeee mam ieracatas lon fares es 745,000 
Long Sault Island— 
ISG IMMA LO een beni allay (Gy) ammenities cet Ree Pee 265, 000 
Barnhart Island— 
EGS tinmabes ly meen tom (C)) ea sneer aia! ates Creat | Gnome elo eras 219, 000 
Sheek Island— 
arn cl see ele Serpe eet ne oe eet 1,225} Acres 149 00 183, 000 
SPEER EL estes ate hs oes Cadet eet tog Renae | Medes e Sac chair lL Br esaruest Mek oe DRA ETN ag, 25,000 
——______| . 1, 437,000 
(CE) RROWEPICASCS ani sec perro tet a sean al te ae tara ny lop eet et ab al Re epee eed hat. 275, 000 
275,000 
16. Railroad relocation— 10,361, 000 
LO heramatsyrresal & Ate eH UCHR) Aaa tc Peer cate Sica teremehte ae ia aa | neces | Wemtintniae Pe DCS SN a 858 , 000|— a 


858 , 000 
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TABLE 3.—SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE—Continued 


: : Unit 
Item Quantity Unit price Amount | Sub-totals 
$ cts: $ $ 
17. Highway relocation— 
United States and Canadian shores— 
Metimate Later ad) amd (10.) 0.70 1ccetlreene sym cael teen eee. cee | eee eee 1,781,000 
| 1,781,000 
ISM Clearme reservoinisiven..ss6 sacha n eee 5,600} Acres 100 00 560, 000 |—_——-——__— 
560, 000 
Net totaly. cee es ccc kate eee Anes. bl 8, 081 ES re 206, 854, 000 
Engineering, administration, and contingencies].......... 1 Eo Nemec ys, eminem snstoeng 25,857,000 
232,711,000 
SUMMARY 
Item Net cost | Overhead Total 
$ $ $ 
1. Dam at Long Sault and power houses at foot of Barnhart 
Tada Ce WNP Sek Ree a en ABR ae Re Gs I ot a 105,876,000} 18,234,000] 119,110,000 
Navigation works (channel 25 feet deep)..................+005- 21,966,000} 2,746,000) 24,712,000 
3. Tilses) aR RE Ta. RMR ATT ee EP | UE tet aes 9 ane 13,338,000] 1,667,000] 15,005,000 
4 to 14, inclusive (see Summary, estimate I)......................] 52,174,000 6,522,000} 58,696,000 
Lb. Flowage ancdidiimagce rene the So valk Se) Se ce RMN cosy, tne 10,301,000} 1,288,000) 11,589,000 
16>, Ratlroadtelocationy es here t.lee nee Hee ont cae! 858, 000 107,000 965, 000 
Iegioh waiygweloca tion sade lee See We On Sole Noe diem tees oc Poee ee eee 1,781,000 223,000} 2,004,000 
LS aiGléarine Téservioir siten.. - aa he on eee ee See eee 560, 000 70,000 630, 000 
206,854,000] 25,857,000] 232,711,000 
Item Quantity | Unit ey Amount | Sub-totals 
$ ets $ $ 
For Oruer CHANNEL Deprus 
A. Saving if navigation channel is 23 feet deep 
originally— 
(1) Approach channel above upper lock— 
iB xcavationvSavieder canes peter te eine 153,000} Cu. yd. 0 65 99,000 
(2) Canal prism, upper lock to Robinson 
Bay lock— 
Excavation savedtaenre a. penne 483 , 000 “ 0 65 314, 000 
(8) Approach channel, Grass River lock 
to river— 
PO St Ia tems, TEOIL GAS) siete s ties eee eae oot Re Seearfte| e et tree c 6,000 
(4) Dredging, for navigation. only, ‘south 
channel, Cornwall Island— 
NOS tina. be shes bere May) eee chute eke ee ears ter ale tee ead |e 211,000 
630, 000 
Engineering, administration and contingencies.|.......... 1 LUM teeta liens waren dictator 79,000 
TRO talc. Ae eR E Be is Bo hid Sine Cities Pees al ee forse om cil Pewee ns | eee 709, 000 
B. Additional cost if channels are made 27 feet —————— 
deep originally— 
(1) Approach channel above upper lock— 
Excavation added 149,000} Cu. yd. 0 65 97,000 
(2) Canal prism, upper ‘lock to Robinson 
Bay lock— 
Pxcavabionad deduesseth at ehirar en a: 470,000 a 0 65 306, 000 
(3) to (5), inclusive— 
Les UTeK heel Guaranty oe GH ute) )Suasiradaslgonmde anges eweo dorothy se esdo wk 276, 000 
: —_—— 679, 000 
Engineering, administration and contingencies.|.......... PE A, cyfoes hs Spl be OAS eds SETS 85, 000 
Total 764, 000 
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TABLE 3.—_SINGLE-STAGE SCHEME—WITH DAM AT LONG SAULT SITE—Continued 


Item Quantity 


For Oruer CHANNEL Deprus—Con. 


C. Cost of future enlargement from 25-foot 
depth to 30-foot depth— 
(1) Excavation above Galop Island— 
WapimateiesitennC u(t eer... oied| eine cine ee 
(2) Revision of control works— 
Stim ates ckterie Cia) saan cots. ny ae oll terrae erate 
(3) Approach channel above upper lock— 


Ted Inge ise ees see aa ons ae 364, 000 
Mredseineover depths... cc ewes an: 72,000 
(4) ca hat upper lock to Grass River 
ock— 
Dred Gin pees sey Oe Bk oe Re ee 1,144,000 
Dredgme. overdepthy ssw sera. ose: 229,000 
(5) and (6)— 


Mstimate liwwemuc. (and MG) se eases 


Engineering, administration and contingencies.].......... 


Unit at Amount | Sub-Totals 
Su) Cts. $ $ 

Se rape ae a ag ae 737,000 
te ek 50,000 
Cu. yd. 0 75 273,000 
« 0 75 54,000 
Cu. yd. 0 75 858, 000 
‘ 0 75 172,000 
Ai lA, Aa 856,000 

oe hs -600;-000 

19404), eee te | eh 375,000 


3,375,000 


ject 


wrence Waterway Pro 
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TABLE 7.—IMPROVEMENT OF INTERNATIONAL RAPIDS SECTION FOR NAVIGATION 
ALONE (CHANNEL 25-FEET DEEP) 


i; 


Item Quantity Unit Unite 
price 
$ cts. 
Channel excavation, Chimney Point: 
Dred ring ee ey sek eee nee tee 513,000} Cu. yd. 0 80 
Dredging over depth................ 41,000 6 0 80 
HOTEU PIN SaCOCKs Mae ee eee ere cane 185, 000 4 25 
Dredging, rock, over depth......... 38, 000 sf 4 25 
. Approach channel to upper lock— 
Kxca vation) earths. pimewncne saan ee 149, 000 “ 0 65 
Mxeavation,,TOCk-cnns0) aurea 179, 000 . 175 
DD TOd Ino Reenter etRe eer rete ee 268, 000 Y 0 80 
Dredvine over depths wey. csee 23, 000 es 0 80 
Riprapdiketses. aie. are crete 260, 000 = 1 00 
. Guard lock at Galop (Lock 10):— 
FOX GAV Ab1ON, Oar tla. ews es ale eee 505, 000 ce 0 65 
WXGA VATION LOCK a: cok tne: Cae eek aoe 714,300 bt 1875 
Bai kil] eee era emer rte rane es: 120,000 sf 0 40 
Conereted neko. ie Meteo. ae retaty Foe 141, 700 f 10 00 
GATOS OEE OSE ERIN eee NRO. caus ico a0 | enke cic) Meade aot] sear eh a a eg | tee een ee ape 
Operating. machinery sab sisi Meo eral eertereie ebesaeee Ol eoetnrae tacts ORR | eee ees 
TVET SEN CY: CAI d,s PN ak ales es ooell tee ic isl ene tees | (ole ia aha een | ce eo nee pee ce 
Approach walls— 
Concrete en akan ae ne eae 27,700 cs 10 00 
ribbing eencti: Sie me eee 56, 900 ce 8 00 
Office and Gwellingss. 2b see Agere eats ckll sien tame teeie es [ister Sreterocee repent | Charen eae a 
. Sluiceway at guard lock— 
Excavations earthe cy emer aie 400, 000 se 0 65 
bxcavation rockassseo te eee ee 900 Gg 3 50 
Baek Sill 2 Sele ae eee yh Leet eerie 8,000 cc 0 40 
Conerete ds. sea ao tie. Cee ae ae 3,400 “ 10 00 
Gatesand operating machinery see) seen ces eae te Meio ean een eee 
. Canal, Lock 10 to Lock 9— 
Excavations earthy sass weet toe 17,893,000 oe 0 65 
Ica VaAtion, TOCK 6 o sane ae eae 1,407,000 ‘g 1 763s 
Dikes“rock illo Mane e ce eens 402,800 ‘8 2 00 
Dikes;earthy tll snes ae eee eee 1,734, 000 es 0 75 
Concrete, bank protection........... 90,000} Lin. ft. 9 00 
Taig hibing Gk sey ween eet es Ae ee 12-2 Miles 2,000 00 
. Lock at Ogden Island (Lock 9)— 
Wirwarte rin od cscs as boy ee ghee oe tore Gist Sacto yt eva at cee otet eae ete (Ee een eee 
FIKCAVALIONs OATtliy.at eee eee tee 118,000} Cu. yd 0 65 
HCA VATION MTOCKins 5 stone sem tence 153, 000 ss 1% 
ELV ol scl) Meer rt eae eee Ne ibe uae: 170,000 ef 0 40 
Concrete s. cae feaitrhe as See eee 131,000 ce 10 00 
GRATES hy AU AS As cis ech da ea MMR Hel Seay pas teratoce emt ts ean cee cn earl | Sam te ce ea a 
Operating: machinery. 5 Becta ote he cee eM sor toke eo ror tees ee tase | Sse 
Approach walls, concrete............ 22,500 e 10 00 
Approach walls, cribbing............ 43,300 HY 8 00 
. Weir and abutment at Lock 8— 
Excavations earthy pachua ncn ae 33,000} Cu. yd. 0 65 
Excavation trench. )sg.cs..t cece 1,000 5 00 
Hxcavation, Tock. nines) aati 8,000 ee 3 50 
Back till Pee yas cae cen Ow et oe abe sca 8,000 2 0 40 
Concrete ss ve le a ee ee 27,400 a 10 00 
Stop logeland oridige sb ysis Mecaesk etal ers aioe eer es eae Se | eer oe ae 
. Navigation channel, Lock 9 to Long 
Sault Island— 
(a) Lock 9 to Murphy Island— 
Excavation: earthiness eek eee 980, 000 ‘e 0 65 
Exeavation, rock, idry...0...0:.- 20,000 7k) 
Dredeing te ee on cae ae eee 956, 000 4 0 90 
Dred ging... eae ee ee 86, 000 © 0 90 
Dredging, rocket s..4. eee 187,000 4 25 
Dredging, rock, over depth...... 34, 000 e 4 25 


260, 000 


Amount Subtotals 


ios Sane 7 


250, 000 

33,000 

786, 000 

162,000 
1,231,000 


97,000 
313,000 
214,000 

18,000 


902,000 


328,000 
305, 000 
48,000 
1,417,000 
524,000 
200, 000 
175,000 


277,000 

455,000 

40, 000 
3,769,000 


260,000 
,000 
3,000 
34,000 
4,000 
304, 000 


11, 630,000 

2,462,000 

806 000 

1,301,000 

810, 000 

24,000 
17,033,000 


390, 000 


346, 000 
3,526,000 


22,000 

5,000 

28,000 

3,000 

274,000 

17,000 
349, 000 


637, 000 
35, 000 
860, 000 
77,000 
795,000 
145,000 
2,549, 000 
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TABLE 7._IMPROVEMENT OF INTERNATIONAL RAPIDS SECTION FOR NAVIGATION 
ALONE (CHANNELS 25-FEET DEEP)—Continued 


Subtotals 


383, 000 


365, 000 


3,297,000 


2,571,000 


5, 643, 000 


4,176,000 


85, 000 


6,067,000 


227,000 


307, 000 


757, 000 


2,000 


307, 000 


1,308, 00 


Item Quantity Unit Amount 
$ 
8. Navigation channel, Lock 9 to Long 
Sault Island—Con. 
(b) Murphy Island to Weavers Point 
ID TOCIN SPIN ete Eh aevetoserae 369,000) Cu. yd. 332,000 
Dredging over depth............ 57,000 Gs 51,000 
(c) Weavers Point to entrance Long 
Sault Canal— 
Dredeine emer ete meine 378,000 < 340,000 
Dredging, over depth........... 28,000 ss 25,000 
9. Channel, Long Sault Island to Lock 8 ; 
TWECAVGATION Meal Glue spear alee ot 3,773,000 a 2,452,000 
Concrete bank protection............ 000) Lin. ft. 117,000 
ilar ee ak hots ante alahe: eave toeraerers ll Miles 2,000 
10. Lock 8— 
Hxcaveation Cartliin).ct ncn ciesie a sg eee 1,070,000 . 696, 000 
YK CA VELTIONA COCK acne ls ienderuie cee sh ace , 650 Ss 55,000 
Backatil emer a crater aatperiys iam east 512,000 s 208, 000 
CONnerete eer ete ee Bes OMe 278,000 x 2,780,000 
(AOS aE ae AA a see in eA RM Ree ae liek. cork cd shel erher, fat ose 00, 000 
Opsratineoachiner yar sh try acrh ysl eee eh cree tla, Iter wieder ite, [clon | ae eae 300,000 
IM ST SNe VAG alan Neer eriet ee mete cies es haa re Nen ee etertat a ce [eat ee 175,000 
Approach walls, concrete............ 52,500 ie 630, 000 
Approach walls, piling............... 187,000} Lin. ft. 159, 000 
OprcecanGeanve lin gst emmys atat cu braces ee Ll deere bem el genes cmt Ga 40,000 
11. Canal ae Lock 8 to Grass River 
ock— 
Scar em le UE OTNE 2 (Ch keen ane es (EER ecm othe REMIT [LAAs Act abatae i 4,176,000 
12. Dike at Robinson Bay— 
RFS buon Ml LOTTE (DUA Ren arn wnnee ees Peco tat aaiees | hots Mipeiala Buds [lteros ss ala gene 85,000 
13. Lock 7, Grass River— 
EV StimMaberel el GOne 2 (kfc) Pavers he ceee eos ented sia tees eA et 6, 067, 000 
14. Approach channel, Grass River lock 
to river— 
FISHIMALeR ERT LEI: 2hKC anna ee eee ete ee ese ese he ta eee eT hee ee aN ad A 227,000 
15. Dike at Grass River lock— 
HStUMA TCR Rem 2 (ty ees anery tetera | coms one lxeraes letsaiera eee wells ere cere 307, 000 
16. Waste weir at Grass River lock— 
Mis hingatenle tema. 2: (i) meuscn rae: a sh leraacsey eee llttee eros eet Mt ake tees 757,000 
17. Drainage ditch, north of Grass River 
ock— 
USbINUa PONE SCOTS « (HN) a ceseepe sins cota Ae teen tec Ae alter ect Ok mPOA SS MORN au» 2,000 
18. Diversion dike and flood channel at 
mouth of Grass River— 
Hstimate Dsitem: 2 (toa 05..622 Pe AES oe | at toh ara LE aah 2 Pe 307,000 
19. Diversion of Ottawa Branch, New 
York Central Railroads— 
DISA Ge ast fala best areyn aye esa GN enema ka eee « hetal No bs Cos accea boi cic Lea RE ae RL (ee ek acea a ge 1,308,000 
20. Channel excavation, Lake St. Francis 
to mouth of Grass River— 
Dreding meee eons ces 1,990,000) Cu. yd. 1,592,000 
Dredgiievover depths tn-cion enue cine 50 200, 000 


1,792,000 
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TABLE 7—IMPROVEMENT OF INTERNATIONAL RAPIDS SECTION FOR NAVIGATION 


21. 


22. 


24. 


25. 


ALONE (CHANNEL 25-FEET DEEP)—Continued 


Amount 


Subtotals 


Item Quantity Unit Unit 
price 
$ cts 
Dam across main river channel at 
head of Long Sault Rapids— 
Dam— 
Pixcavatlonmeartiinsses cetscdee: 89,000) Cu. yd. 0 80 
IDXcavation. TOC kumsuwnceen eae 54, 000 es 3 50 
C@Oricretes eee ee eee 144,000 as 12 00 
Houndation:contineenciesss.. tole nee eee ee 10% AA noe eee 
Gates..stop lozss brid ce, Cranes: |. nr nerate | coekereecteee lie ree eee 
Win watering et Bee ete crsnce tereinl| (so eeepeee tere RCN] Reis ators tacts [yaar eee ae 
Abutments— 
Excavation, earbh........' <6 so. - 50,000} Cu. yd. 0 65 
Excavation, trench.............. 4,000 se 5 00 
EXCH Va blOlelOC Kec eid tee cise: _ 2,400 f 3 50 
NS A Chesil llicnean as eee Ser eR berte 34, 000 ef 0 40 
(CONCTOLCS es ae te eo eae aie eae 22,100 ee 10 00 
Diversion cut and control works 
across long Sault Islands— 
Cut— 
Hixcavation, earths ..s.)....50sde: 2,340,000 ss 0 65 
WXGA VA LION FrOCK Ee ee cees eee raee 125,000 sé Le 76s 
Excavation, dredging............ 70, 7000 “ 0 70 
@oncrete Lining Aece ya ates 32,000 ay 12 00 
Control works— 
Excavations TOCK+ 4.405 see idee 4,400 se 3 50 
Woncretewe sete bee ee eee 32,300 MY 12 00 
Foundation contingencies........]...........-. LOCA ecco eres 
Gates. stop. logsybridgey cranes lian waa Prey | eee ete atl eiae eee 
Abutments— 
Mixcavavionveartniveeee aoe 45,000 sf 0 65 
INXCAVATION? LLGNOW.Fee ean eee 3,100 se 5 00 
Pxcavations TOckKinse. ae. le 4,600 ss 3 50 
Bye Nod eri GUUS mo coed sab tye I Tana 8 32,000 Ss 0 40 
(WONETELO se. sal bee noes tanto 20, 500 es 10 00 
. Dam across South Sault— 
Dam— 
HxXCAva clon Cart eke ate eee 2,600} Cu. yd. 0 80 
IXCAWA LION LOCKE. deca eee ane 13, 900 3 50 
@oncrete weer ee eee ee ee 43,000 wo 12 00 
Foundation contingencies........|............ LO G6 th all Pensa eee 
Gates’ stop logs. bridge; cGranes-alisianucem de wate ae ate ere 
na Wet bein prec his en eer eee eh IRR OL ee I Peet oe eS: evel ON ae Oe 
Abutments— 
Hixcavation, eCartn....cs.8 see 66,400} Cu. yd. 0 65 
Hxcavabion trencits..s +. sss eae 5, 100 oe 5 00 
cava tion OCs eer nen ne ale 2,800 - 3 50 
IBaGk hla ne eke. See eee 30,000 ss 0 40 
ConGketese nce tans tet ee 44,100 ss 10 00 
Control works, head of Massena 
Canal— 
UX CA VATION VCATUM an uera cre. estes tneee 922,000} Cu. yd. 0 65 
PXCAVALION TOC Kaas te creek en eeee , 70 al 3 50 
Dredging. Wrote Mth cee Geen ee a eee 96, 000 se 0 90 
WOncrete ee erect be Gat eee see 23,500 * 12 00 
Foundation contingencies. .......¢--l..+.s.008ee. OCS T placer sateen 
PAVING ee eine tir ake hon cere ere tae 7,800} Cu. yd. 12 00 
Gatehousei £64 eo ch22 tacts 332,000) Cu. ft. 0 25 
Gates: ons coh Bee hate bes 0 een cme eta 2 jee ee A ee ne 
Operatingsmnachinery, and stopilomsey|nen is). tamale eee | te eee tate 
Dikes— 
(a )Massena Canal, inclusive, to dam- 
Barbell eee oe ates 298 92k eee 170,000} Cu. yd 0 75 
Davoysl fees ail Leb oleh ae At he Se vane 50, 600 . 2 00 
Riprap slope protection.......... 2,100 ee 3 00 
(b) At Hoople Creek— 
Jia hau ba dadaennt estat enton oe 65, 000 “ 0 75 
Riprap slope protection.......... 2,000 sy 3 00 


71,000 
190,000 
1,728,000 
173,000 
387,000 
8,000, 000 


221,000 


1,521,000 
219,000 
495,000 
384, 000 


15,000 

. 868,000 
39,000 
224, 000 


599, 000 
13,000 
86, 000 

282,000 
28, 000 
94, 000 
83, 000 
60, 000 
37,000 


128,000 
101,000 
6,000 


49,000 
6, 000: 


5, 845,000 


3,564, 000 


1,763,000 


1, 282,000 


290,000 
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TABLE 7.—IMPROTEMEFNT OF INTERNATIONAL RAPIDS SECTION FOR NAVIGATION 
ALONE CHANNEL 25-FEET DEEP—Concluded 


Item Quantity Unit Unit Amount | Sub-totals 
price 


26. Flowage and damages— 
Canal right of way— 


EaloptoWad Ging tone gsr cre cheers eetorsto | oe ieee totsversan| Ricco nthe crorsiacsie 646, 000 
Canadian shore— 

LAM VG EY EC bipegrei ae, AR, POR CERN Ae CAN (okt GA PSUR ome RAR Rae EEA ors a i CP gm Pin 150, 000 

TO PTOVieIO Cn tScmeeer wes ee, ai eal eerucd es tell cro othe ENE [tench cee arco. 874, 000 
United States shore, to Massena 

Canal— 

HMO Wa ean ese VeranGorncys wri cveate ciara waa lrcnteiee one uiiaehe ts [kere cicer ome eu cae 158, 000 

PMapPTroviemien bse merece Circe fla aie ciscemaRe ree aids. ose elgiant rs [leer due aseraraen a Ae 371, 000 
Islands— 

TO WAS Cire tHe NTA Reece re ria AS once cec ete fiche Bakers MPO IG Te tea earn, 117,000 

TIPTOVENIEN US sees Ma er os cit A eatie ecaed Cwiahhll a Oats SI | Ore emer: 139, 000 


Canal right of way, etc., Long Sault 
Island to Grass River— 


Pan Sane eae ere Pii ea ero tneetuee moe tent oe en ee a 581, 000 
SOMOLAN COm eer en a nee rere fare I ere ek crerees cuca eseterava ereuctilcie!l awckeve Sears, areas 270, 000 
——————— 3,306,000 
27. Highway relocation— 
Canadian shore— 
Road saconcheteumy.ceercecics es. 6-8 Miles 40,000 00 272,000 
STIGLOS Mee net termini eros ftmrece ep attca eres | ccretersienetei cheers |e mtsersce Mra ca ot 31,000 
United States shore, to Massena 
Canal— 
ROAST CONCTeLOM ne Jor igen ae 2 Miles 40,000 00 80, 000 
RiGadisy weariness wcteetic c 0-5 6,000 00 3,000 
BIG (exeYs Eee ae she Metre oes Ocoee a eee | rec LEA ECHO CET (LE Rent er ol | ee Ae or 61,000 
United States shore, below Massena 
anal— 
TR ROYKO I Ne 1 So ee I cla | a eee ERA ESIC Ie CCAS (SNE eee 118,000 
—_ 565,000 
28, Clearing spools...w.c seam dees + oe 550 Acres 100 00 55,000 
—_——_—_— 55,000 
70,323,000 


Engineering, administration and con- 
PIN GON CIOS sacs eves Se eae ee tes toes rane tea) sia UE Ls dill Peete, sti fires acl |e BRON) Steen 8,790,000 


AN tie cece ee ce Patarsse ancl ped ratal| etme e thane el age [Paro sta ohh akeeks c/s, seemaeane’s cummpere ter eke apen mesa 79,113,000 
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TABLE No. 10.—SOULANGES SECTION—RECOMMENDED PROJECT—(ILE AUX 
VACHES THREE STAGE)—For details, see Table No. 9 


Power—Ilst stage—Ile aux Vaches.................. insted’ Aehaten ccicneeyttd tnt: Eee aI eT, leat 382,000 h.p. 
hives 9G NorthjoteC@ ascades Bointiies cae 8 opm nei ias Saas ciecmearetees 488,000 h.p. 
STC MetLy © ASCE. OS ECARD LS ip ceaithe vir tare ee ene ie BEAT ose] Snatch an 762,000 h.p 
Ist Stace— 
Workssolelvatomna vice tOlsn en tr meee DAUM ne cma tne Sn Bhd ane eee $ 31,594, 000 
WOLrks(COMmmMOonrLO NAvIeatiOn And spOwel sateen aac cee arcane ences 34, 686, 000 
Works primarily for power substructures, head and tail-race excavation..... 13,079,000 
Machinery; and puperstrucKules.) duc sneha eee sae Aas cee oles eek cee 24,586,000 
—_——_—$103, 945, 000 
2nD StaGE— 
Substructure; head! and’ tarl-race excavation.........66..0s.ss+.0sseecnseeees 22,654,000 
MachinoryeandysUupereccucuulle vanmeren c:toredecrob saa or. orinte «cet eta ceee nee 14, 637, 000 
————— 37,291,000 
3RD STaAGE— 
Substructure wacad and tall-race excavation. «ie o erties selects ee 30,531,000 
Machinery and superstructure. aan ee te ee cee oa rote 33,285,000 
——_ 63,816,000 
PRO LAr iccr aly ne aidan TEE Sictestavelesh taint ho aR tO RSS ARREST! Sot Ok, RIE Sa aE ea MERE ov SRD ORY me $205, 052, 000 
Costiof Ist'stage with) 50 pericent of complete installation...) .00....502.+-0+08+ss8s noms e verse $ 92,000, 000 
Cos@witn doubledocksiincllaeh tise ces ee eee oho aee ale oi ah Wats mletelal slave ccestensla. sce sll. aye ties 207, 210,000 
Costiwathysingele locks dn: ne bib oes se tes 516 ae so rake ot clistc bres Pomedentelodinctad orate orctalunehat toh ent 204, 044,000 
Saving if navigation channels made 23 ft. deep originally..................0cc cece eens eee eee 1,280,000 
Additional cost if navigation channels made 27 ft. deep originally...............00...00.- 000. 1,265,000 
Cosviotiuture enlarcement trom 25 tty depth. tO.o0 ths Gepuli.. venus e.2, tesla) aistilens oh dees ale 4,911,000 
Power House INSTALLATIONS 
1ststage——-20— No. O00 n peunits: (22 tte WOAd heater. a8 Shite ches, Ne ee teem RS RS eae ake 404,300 h.p. 
ond ts 10—54, 500 vt CRON VA Deals ¥ Ae tbe. SHRI Rc hee tole cd EER SAP ec tae 545,000 h.p. 
3rd “ 28—36,800 ae (REN GHES VETER DOPE. SLi sine MOOR Bete CORE ECR ere aren Da nee 1,030,400 h.p. 
Totaltegs. Seals. tet Get ee CEE COMER Sem DREN teers atte, HeNe Pa e oo 1,979,700 h.p. 


TABLE No. 11—SOULANGES SECTION—TABLE SHOWING OVERALL COST OF 
PROJECT RECOMMENDED— (TLE AUX VACHES THREE STAGE PROJECT) 


Power marketed at 40,000 h.p. per year. 
Interest during construction and marketing period—®5 per cent. 


Construction program planned for expenditure of $10,000,000 per year. 


Halt 
con- 
Jun 4 alf 
pan fet market Interest 
period period 
RecoMMENDED PRoJECT— ¥ 
INA VAgAHONs jes dence Ghee seh coseaee Rally RR ye La 31,594,000 DSO ereeea es: 0-124 3,920,000 
StEStaze— O62) OOO Wasp vattanve naraavcndie @ ase wpeeiace sieve hecees 47,765, 000 2-35 4-77|. 0-418 | 20,000,000 
24, 586, 000 
ONG Stave—456; OOO) lspisct tee cma an Mec os our 22,654, 000 1-13 6-10} 0-423 9, 600, 000 
14, 637, 000 
Brad stare—7102 O00! Descente aitele aatiie ele e ate 30,531,000 1-53 9-53} 0-715 | 21,800,000 
33, 285, 000 
205,052,000 55,320,000 
PNG CUB CUES UROCOR boa epee Ree nes olen Ae REE AR RDN a SEE OR tare Me eS eka Re oR lA cas nratdeea| cress cae, & 205, 052, 000 
“A Rone SAI SE) Jt 2 AUD CRU Beir ee Aart era cyah SOc 31 RU eo My 7 CO | ave | neat | Se a $260, 372,000 
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TABLE No. 12—SOULANGES SECTION—TABLE SHOWING OVERALL COST OF 
PROJECT RECOMMENDED— (ILE AUX VACHIS THREE STAGE PROJECT) 


Power marketed at 75,000 h.p. per year. 
Interest during construction and marketing period—5 per cent. 
Construction program planned for expenditure of $10,000,000 per year. 


Half 4 
: con- alf 
— pe struc- | market Interest 
tion | period 
period 
RECOMMENDED PROJECT— 
INAV IZAGION de8 Aas ole ioe ccis oes ea ee ee: 31,594,000 Diss O beet cage See 0-124 3,920,000 
1st stage—-se2nO00h Ds.: See tt eae oe olen 47,765,000 2-39 2-55) 0-272 13,000, 000 
24, 586,000 
Qndustage—488+ 000) hep isene sey ae iakee em eerie 22,654,000 1-13 3-26) 0-239 5,410,000 
14, 637, 000 
BlGushage—162 (OOO Dako tera a alan te serene reyes 30,531,000 1-53 5-08} 0-381 11, 630, 000 
33, 285,000 
2055052000) 5 a. aaltepet eee 33,960,000 
AG ASTIN SEK COSUS 5 573 sclea okt scdstatiel Mace cv cuegdt sesce st lacmh shee mea coms eA e teres cute Ia 0) A a a la 205, 052, 000 
EE ObBI eect cya asensinitiensiig sire COE EIT ce ee eae Peraeeck aise apenas |e eae $239, 012,000 
TABLE No. 13—SOULANGES SECTION—TABLE SHOWING OVERALL COST OF 


PROJECT RECOMMENDED—(ILE AUX VACHHS THREE STAGE PROJECT) 
Power marketed at 150,000 hp. per year. 
Interest during construction and marketing period—5 per cent. 
Construction program planned for expenditure of $10,000,000 per year. 


Half ea 
‘ con- al 
oe Sty struc- | market Interest 
tion | period 
period 
RECOMMENDED PROJECIM— 
Navigation ci! kiao Oe ARG BE. igs eerie roerdo” 31,594,000 DS ON. ad estas 0-124 3,920,000 
1st stage—ss2, O00 sp... eee wee he oe eee 47,765,000 2-39 1-27} 0-196 9,360,000 
24,586,000 
ond staze—488; OOO p. be thik. acts atin fate Bae 22,654, 000 1-13 1-63] 0-145 3,290,000 
14, 637, 000 
ord stagze—762, 000 D-p..barictee..ke es Mae cake 30,531,000 1-53 2-54| 0-220 6,710, 000 
33,285,000 
205,052,000 23,280,000 
A ObATSt. COS. siisis < Ls-aiele o dcale ER ss ih Ale a 5 REA Se to ne (oi et RT een ores ee ce 205,052,000 


eC Ce i ce Pe er er ee re ere ey 


$228, 332,000 
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TABLE 15.—_SOULANGES SECTION—NAVIGATION ALONE.—HUNGRY BAY— 
MELOCHEVILLE ROUTE 


For details—See Table No. 14 


Canal excavation Sitcoms ee ee Ee ae se ceencee Ee a ce ate ae ie AC ee ee $9,478,070 
Marth dykes... ei ena et ee ee ee ee ee SL ee me 6,725, 600 
Hungry Bay guard lock and aweits #7... sleet econ oe oe eee ae en eae ee ee eee 1,929,800 
Melochewvillesbocksi(singlesthight) (eon a-cnawner sate ain ocean aca a tee ene 7,684, 440 
Property damages... AO. bob abe bee Ge ee Ge ook ee eee a ee ee ee 869, 050 
Bridgesys: Serine mings etka ee i ce OE ict, Sa, eS Me en Co 2,312,000 
Roads, railways and miscellaneous.) Sees Meee sk eee ee Cee Oe eee ee 903, 160 
Pngineering and contingencies——124% ee. 5 ee Red oe <i RLct Re. en See hee 3, 737, 880 

TOtala tnt ahe ee Se eee SU SESE TRY oF ooo RARE Seo nyo eS «Mae Lae Gee $33, 640, 000 
Additional costtosprovide double fight locke) © 20... ae ee ee eee eee $3,901, 000 
Saving if Navigation Channels,;made 23 ft..deep/originally..........)ae.4..semes once ek: 1,103,000 
Additional cost if Navigation Channels made 27 ft. deep originally................20..e+eee 1,024,000 
Cost of future enlarcement from 25 {t adeptheto 30atadepth maeen.. ben l..0n ene 4,960, 000 
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TABLE 17.-SOULANGES SECTION—NAVIGATION ALONE—LATERAL CANAL ON 
NORTH SIDE OF RIVER 


For details—See Table No. 16 


Canal excavations. cae ern SSS Stk ee ae aN eee eet ents eth aoe EI Rc cyshe. = ee $ 12,955,830 
Barth Ay. R6g. seks aes cecal exis Rants leh ache rE hee a re oe Fee Eee eT ee 3,503, 290 
Coteaudusuacmuardslock and=welrsa: Sis. sees. ties ee ices Oe ee eee ee 2,452,940 
Guard tera te Bands wert. crea cea elses b's See sere NOS OMe Ta MR eae ecoteE eiato Eton 1,929,340 
Cham berry Gully lock and. weir. ...:dcc:4 dec-¢ ode ces Oats Fe ee ee ne 5,921,840 
Cascades lockiand weit iio. .c ks sii hs aaehemucerar ier orsieees is acta cc NMG etl kc SOR Ra 4,914,670 
Property damages: tyke. s. os0i.> oceans ln heise eG a nlae ease Labo eee tL ee eee. Bee. 619, 290 
Roads,bridges, and*miiscellaneous! ...52.). Gocc ca neo once os gn doce a On clan sn eee 3,594, 430 
Engineering and contingencies—12} per Cents. onc. cca cue ask one he oe ee cee 4,486,370 
dW) «| Cen Rane ena. Mn irae ter aan en, wi ea MN et LS A. 4 uM ane ae © $ 40,378,000 
Cost with double:locks*in tight? sna ce a atele eae croc nicieniee een ae one ae eee $ 42,536,000 
Gostiwithitemngle locks im flight) ts nes cee teas te scalel Ree ae ae Se 39,370,000 
Saving if navigation channels made 23 feet deep originally................0cceeeeeeeeeeeeeees 1, 225, 000 
Additional cost if navigation channels made 27 feet deep originally....................00.05- 1, 255,000 
Cost of future enlargement from 25 feet depth to 30 feet depth assuming it is done after canal 
is diverted. to: river. ae htt eck eee ae eee ee en eR nore a eae 4,911,000 
Cost to divert canal into river when'power is developed... 4.sc0). pos see bce od see eae bee 1,922,000 


Cost of portion of canal that would be abandoned when canal is diverted into river.......... 6, 382, 000 
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TABLE 19.-SOULANGES SECTION—NAVIGATION AND POWER—ALL RIVER 
DEVELOPMENT—CENTRE POOL ELEVATION 115 


For details—See Table 18 


PowrR—Ist Stage—One-quarter of Cascades Rapids and portion of Cedars................ 638,000 h.p. 
2nd Stage—Reconstruction of present Cedars plant..................000eeeeee cece . 180,000 h.p. 
3rd Stage—BalanceiorCascades oRapidsen. 20. 12 cane 0b Sean Se eee eee ss 806,000 h.p. 
lst StaGe— 
Works: solelsafor: navigation. aetna mel dice cl bikie ea obr eter te eeieee 25,570, 000 
Works common to navigation and power..-fee. dina cee cone en ee 45,837,000 
Works primarily for power— 
Substructures, head and tail-race excavation..................eeeseees 26,727,000 
Machinery and superstnuetures sneer. enn cbt. ac Mee ers eee nies 38, 364, 000 
—————_ 136,498,000 
2np STAGE— 
Substructurewhead and tail-racciexcayation.... de dace oan oe meres 5, 668, 000 
IMachimenyAandysupers truce mcrae easel aereeeere ae ate ckeiee tes pane nearer 8,659, 000 
ee 14, 327,000 
3RD STAGE— , 
Substructure, head and tajil-race excavation................-e00eeescceeees 13,448, 000 
Machinery: andisupetstructures: sens comet rican eee eraae 30, 044, 000 
ae 43,492,000 
3) Are) sl aren aa ee Ces MOR one: Penhee ner mnt MARE ee, wacky $194, 317, 000 
Cost to open navigation and provide an installation of new power equal to that in Ist Stage 
Of recommended project s1.6., 404, a00U seer tt tect ee cele anne econ tend ener $123, 400, 000 
PowERHOUSE INSTALLATIONS 
Ist Stage— 
Cascades, 8=34,000) haps units (40 fb. ead))e sem. ere tee eee erie 272,000 
Cedars, 126-24 300h-p, unitsa(s2-olt. mead). fee ce ee eee eee 631, 000 
—_——— 903,800 h.p. 
2nd Stage, 8294-300hi.p, UNIGSE(S2oT teabead ate wee ae oobi eee eae eee 194,400 h.p. 
3rd Stage, 25-34 000 hep; uniter (43 it. ead) yatta oe ke cee ee eee 850,000 h.p. 
Po tell Ae ae aes it hoe BRST co eee ha err eee 1,948, 200 h.p. 


TABLE 20.—SOULANGES SECTION—TABLE SHOWING OVERALL COST OF ALL RIVER 
DEVELOPMENT—CENTRE POOL ELEVATION 115 


Power marketed at 75,000 h.p. per year. 
Interest during construction and marketing period, 5 per cent. 
Construction program planned for expenditure of $10,000,000 per year. 


Half 
Con- Half 
es First cost | struction| Market Interest 
period period 
$ $ 
INSVASALION.. der bes sort ee ont cere oc rc ete eit 25,570, 000 3-58 ee 0-192 4,910,000 
ist Stace—-638) 000 ne p ee yee eee ee eee 72,564, 000 3-63 4-25 0-469 34, 050,000 
38, 364, 000 
and Sstace—180, 000 Wipes ssecide cerns atieeae ee 5, 668, 000 0:28 1-20 | 0-075 425,000 
8,659, 000 
Srcustage— S00 000 bebe nccmetm tae cetera 13, 448, 000 0:67 5:37 | 0-348 4,610, 000 
80, 044, 000 
194,317,000 43,995,000 
Add: NESE, COSTE cccc.o% ah ates aava terale seria Sreielayae oisis © Geaal Geo See game | ov oP |e Ea 194,317,000 


fo) ee en RAD arS One an | antes creer Irae .c Aon Salborit cabo allege aaane 238,312,000 
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TABLE 22.-SOULANGES SECTION—NAVIGATION AND POWER—ALL RIVER 
DEVELOPMENT—CENTRE POOL ELEVATION 125 


For details—See Table 21 i 
Power lst otave-—Fointe'a; Biron.arcs ae ee eee ee ene a ee 516,000 h.p. 


2ndistage-=CascadeseRaprds eyes ees acc eee he eons Seeds fedvlvaeeeesk 1,113,000 h.p. 
Ist Stacge— 
NVOrKS Solel ye Orena viva LONE ivarutee conte stoke cocci ns PR eR A coud cosh oe neato $ 35,140,000 
Works common to navigation and power................0..c0e- ena sERG Deer bE 28 , 222,000 
Works primarily for power— 
Substructures, head and tail-race excavation.................0eeecee eee’ 25,672,000 
Machinery, And SUpersiru CULES). sh tastse's tasiei «/a Tacs ae. i. Votares« ors0e bre vlatelotncte ah 33,774, 000 
———_——— $122, 808, 000 
2nND STAGE— 
Substructure, head and tail-race excavation...............ecceeveesceeneves $ 35,707,000 
Machinery and MUI DOL SURUCUUNLC ieee tere eran cre toy a oraievss pena cis ei ceen Shean tee he 45,177,000 
——— 80,884,000 
EDO te ee, chy eres ars ace ye thet heaved eke eds Seats Tee eee ets haiettare tae aeld ald $203, 692, 000 


Cost to open navigation and provide an installation of new power equal to that in 1st Stage of 
TOCOMMMUCUUCUIDLOICCU Stem 40S S00 D er ees ei en caine mie nono et $113, 687, 000 


Power House INSTALLATIONS 


IstiStage—36—15/500sh.punits-(22-1t> head) ashes hyoce perros eee cow ire Sees Erne Pree 559,800 h.p. 
QNGStaee=—35=0 6S 00s Da UNIbSa OorLbepll CACM) lynee ies wetauen bre td ar seyanttennuntversavstenien ites etutianinereeranti 1,398,400 h.p. 


otal t :c fia. ant ass tia owes Oe ape Senate Gaard Aa Aye Retna aye iateemacs 1,958, 200 h.p. 
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St. Lawrence Waterway Project 
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368 St. Lawrence Waterway Project 


TABLE 24.-SOULANGES SECTION—POWER ALONE—ILE AUX VACHES—THREE- } 
STAGE PROJECT 


For details—See Table 23 


Lat S tage Tle aii Va Chie eatin ys cups odometer ease ust ePATR CLONE NEL cee en ea 382,000 h.p. 
ond Staze—N orth of, Cascades*Points.: seem (scene des ares oe eae ere 488,000 h.p. 
3rd.Stage—Cascades Rapidss, s.:c/cs cosmo decks recls pean ogee oe 6 Asian ee Te eae ae eee 762,000 h.p. 
lst StaGe— . 

CoteauRapids enlargements sicaciincaacninn a aee foe eee eres aneSEa ee $ 9,268,000 

P Revision of 14-fes navigationcn areas saute ent eae eee eee ee 7,212,000 

Substructures, dams, head and tail-race excavation.................00000005 36, 106, 000 

Machinery and superstructuresis, sey rsee te tetera oie one reeeeeeereeey ae 24, 586, 000 
——————$ 77,172,000 


2np STAGE— 


Substructure, head and tail-race excavation..............00.cceccceeceeveces $ 25,086,000 
Machinery,and! superstructure... cmarccnn iota toe eiattole istered teen taieee aa 14, 637, 000 
———_——— 39,723,000 
38RD STAGE— 
Substructure, head and tail-race excavation. 545.5 40h eee oe en $ 30,531, 000 
Machinery: and ssuperserulcoure we. notice atin ieee hertuaeticn ele aire ae 33, 285, 000 
—————— 63,816,000 
i Wc) 2) ne ER Ne any DCRR URES ren rime nae oA i See Dee oe oor do 8 $180, 711,000 


Power Hovuse INSTALLATIONS 


ist Stage—26-1 5) 550 ep unibsycacmteses Gl) pear tttey tarantino 404,300 h.p. 
ond Stage—10=04, 500 hsp; UnLtS, (70-0 1b. eAd)oan beens eee een oie eee nee eee 545,000 h.p. 
3rd iStage—-28-36:800;h.p. units. Goadte Mead) cu: al, a. are aeeeaerietete taste ere aiaciet ieee ee 1,030, 400 h.p. 

Toth ee eh toe eee hen dense sat ate stele auc, cue le: UA ere ee NU, en 1,979,700 h.p. 
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TABLE 26.—_SOULANGES SECTION—NAVIGATION AND PARTIAL POWER DEVELOP- 
MENT VIA HUNGRY BAY-MELOCHEVILLE—BALANCE OF POWER AS IN 


RECOMMENDED PROJECT 
Diversion to Melocheville for Power, 15,500 c.f.s. 


NAvIGATION—Via Hungry Bay—Melocheville route. 
PowrR—Four-stage development— 


Ist Stage— Mieloche valle/o. es ee. he ener eco Ree RE aro eras se a cent te tannic see ae 116,000 h.p 
2nd Stage—lNewmux Vachtes sd: tere ae Oni esas Ae ee ee oc ans ass SR) mn Pe nae 370,000 h.p 
3 Stage North of Caseades Point. 4.0 at 1..ceteen oie ory eee eee ee ee 384, 000 h.p 
4th Stage—Cascadestbvapidis ssi... seven ewe) Arthas OE Meta cre steepest ee 762,000 h.p 


ist STace— : 
Works solely for navigation (single flight locks) 


$ 19,676,000 


Works common tomavigcation andspower sn. see ened oe 17, 048, 000 
Works primarily for power— 
Substructure, head and tail-race excavation......................--e000- 9,199, 000 
Machinenysandssuperstrlcuune a ticpaers tice aol ae ave eee ee 3,945,000 
— $ 49,868,000 
2nD STace— 
CoteausRapidstenlargement:... coect ite ee eb A eee ae: $ 7,108,000 
Substructures, head and tail-race excavation, etc............. 20... e eee eee ee 35, 834, 000 
Machinery.andsupersteucturesae.ciapeidaeeis inicio enor ae ae i ies Sener 24, 586, 000 
—— 67,528,000 
3RD STAGE— 
Substructure, head and tail-race excavation.................5+.ce+sceccehe ss $ 20,734, 000 
Machinery and: superstructure... Ase here sore ries seperate, See 11,742,000 i 
——— 32,476,000 
47H STaAGE— 
Substructure, head and:-tail-race excavation. ....405.--acee ben eee eee $ 30,352,000 
Machinery rand«superstluCoure.ias-mer ace ete eee ae ce ee eo ean ae One 33, 285, 000 
————— 63,637,000 
6 Rs) 21 nope Se ee ce PR ENO EPR pet hy LOS AE | a Se ere IE hl $213, 509, 000 
Power Houses INSTALLATIONS 
IstiStagve—= 3-47 300: hep eunites (/¢ odie OA C)na ae vray ere Me ice eee een, 5 ne see 141,900 h.p. 
InduStage-26-15 1550 l-pwunits) (22, fi slnead wien ce mts ere erat ate eee eed nc eee eee 404,300 h.p. 
SrduStage—— 6—04,500 hep wunite (7D 75k. CAC), seers tree nicest reg 436,000 h.p. 
4th Stave=-28—06 S00h.p. Units (Oe) LbemMead.) ae a eenk ser era) tease Neve me rete 1,030,400 h.p. 
Woy) Oot hs eer ner eer LS eR RNS 3 ea oe tie, on ne heh atc Gat 2,012,600 h.p. 


TABLE 27.—_SOULANGES SECTION—NAVIGATION AND PARTIAL POWER DEVELOP- 
MENT VIA HUNGRY BAY-MELOCHEVILLE—BALANCE OF POWER AS IN 
RECOMMENDED PROJECT 


Diversion to Melocheville for Power, 31,800 c.f.s. 
For details—See Table 25 


NaviGation—Via Hungry Bay-Melocheville route. 
Powrr—Four-stage development— 


Tst:Stage—Melocheville wes i. Vain ce kc earaie at demlie stele see aly see debe alireloner arene teen reas ace aaa 239,000 h.p 
ond Stage—Dle Bux sw AChese 0 A aM. worgmon) cee chee Hisar eislelibccten se eprevetones neat siaes aeeTeen ete sea 370, 000 h.p 
3rd: Stage—-Northyol Cascades (Pomt.. er eee eons eee cera tec cen acre ta ee ee 261,000 h.p 
Ath |Stage-—Cascades Rapids freee cc bes amicine Gite elses tet cgaen ave int) Ciera eee rere 762,000 h.p. 
ist StacE— 
Works'solely: for:ndvigation ice. at sees ccc ote shee eke on cite ones ete able ose tre ceitiens $ 19,018,000 
Works common to navication andl pOwek. 5. oo. sees selels «cee eee cine ee ce 25,855, 000 
Works primarily for power— 
Substructure, head and tail-race excavation..............0.ccceeevcceeee 16,940, 000 
Machineryiand superstructures. nee 2 ees ie ae ek od ete eae sicnlereie acne 7,617,000 
$ 69,430, 000 
2nD STAGE— 
Coteau; Rapidstenlargement. 27 ee. factor eel. ae Ge te eos pen eee ca ae soe $ 4,846,000 
Substructures, head and tail-race excavation, etc...............0 cece eee 35, 548, 000 
Machinery: andtsupersiructures © 37.2 snes one cs teens 8 Oe Gadel. ae aiioie: the. oe oe 24, 586, 000 
— 64,980,000 
3RD STAGE— 
Substructure, head and tail-race excavation.............0.0ccceceescveceuees $ 16,742,000 
Machinery and«superstructures.m Jee ee se ct spernsioe ta ote ae ice erie th es cists oes oe 8,931, 000 
: ————— 25,673,000 
47H STAGE— 
Substructure, head and tail-race emer Poet Mae ae Mes ec tete Tacos ohala Oem ee $ 30,165,000 
Machinery and Superstructuress, Gee ote Meee cs. Ae ths Se eye ee 33, 285, 000 
—————— 63,450,000 
Io 24 eter ROR NORRIE AEE URE ERO get AMD, coe cone JeatNe SS PRA ae $223, 533, 000 
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TasLE 27—Con.—PowrEr House INSTALLATIONS 
ist otage—— 6470500 hep sum ts” (Gasp ibe ead) ied at Oaeasia wee: cc eet eee icc sad oth oe eau. e. 283,800 h.p. 
ZNduS tage—20-1o- DAO LEDs Units (22 tha NeAclyueaeasy 4. ya oa eee cain neste osu. co au cme te 404,300 h.p. 
Srdastace——10-54 000 DEpeainitsa (osm tanead eine mee meee cn kun rere SON wee 327,000 h.p. 
ATHUStAge—28-o0 SU0MEp.UNTGS (Od Lea eB eee una idh dacl ck cummed leh hsdvcteie cadaoutee cue. 1,030,400 h.p. 
SRO Cellars Yo nec CRE SMe Rar Laren Sa OE ae aN Ah eA cr vc ed wih DE mem 2 2,0 00 


2,045,500 h.p. 


TABLE 28.—SOULANGES SECTION—NAVIGATION AND PARTIAL POWER DEVELOP- 
MENT VIA HUNGRY BAY-MELOCHEVILLE—BALANCE OF POWER AS IN 
Ist AND 3np STAGES OF RECOMMENDED PROJECT 


Diversion to Melocheville for Power, 66,700 c.f.s. 


NaviGation—Via Hungry Bay-Melocheville route. 
Powrr—Three-stage development— 


lstaotage.—Wleloche ville weer ereer an hea, Mrs Rete Ait tae ka nana robin atta Te On es tone 500, 000 h.p 
nme tate lea ial a CHES e au Anmny se wee Une m Ui here neh aN ul oe oe B70) (Orn aD 
SLAG SLAL CCAS CACESHECADIC Sar aan «) s,m Mets ees ae re Pee ee Ae is ee Ue A tale 762,000 h.p. 
Ist Stace— 
Workers olely tora viga tion urate ort. alia te iy ere wma el gene ed) 0 eee $ 19,873,000 
Worksicominon to navigation and pOWweF. vu iece pues oceaches oe a. 44,594,000 
Works primarily for power— 
Dubstructure, head and tall-racelexcavation, «6.4... 44. 4.0 uae coke 33,719, 000 
Machinervand superstrucuurem® . ain aitmer seen. wale. Mela een ane 15, 143,000 
2nD STAGE— — —— $113, 329, 000 
@Wotecamrapids enlarcem entire. AW per Ae oka, es emilee Mire el Phe acon ARE $ 1,763,000 
Substructures, head and tail-race excavation, etc..............ccc ccc ceeeeees 34, 936, 000 
Machineryeand superstruc tureseenim aime mtu be miei miller a abelian ine atin mall/ nine eueun 24, 586, 000 
38RD STAGE— —————— 61,285,000 
Substructure, head’ and tail-race excavation..........02-.0+e00cssccessscebeee 29,879, 000 
MachinenvsanosiperstruCuure tas foe ale el men Ween NIGEL) el! ian areee ta 33, 285, 000 
—————— 63,164,000 
BIS EULA te CUED Ph Rak CORA tA ina ULCUOE AN UR UE AB Mag en ar WARY | aM) aL 2 $237,778, 000 
Power House INSTALLATIONS 
Istis¢age—12—47.500 bp uniceias coat. MCA) a -.vbeeree a ec cicece suslate to isa ae ade ixic geen nie beetle 567,600 h.p. 
OndeStace—26-15 500 nep aunts (22 ftaecad!)) eae. Meee LM men ane SAR tye! on) Oe 404,300 h.p. 
Srdss tase ——2o— 50, S00MN. Dn Unis oo Limeade von a wee eee ae en elon! amen ate dy) 1,030,400 h.p, 
EL Gel eed ene Sp A EL 2 oY My RERUN hs Sint le Space) ch aves aust a obs aes 2,002,300 h.p. 


TABLE No. 29.—SOULANGES SECTION—TABLE SHOWING RELATIVE OVERALL COST 
OF SCHEMES OF IMPROVEMENT 


Interest during construction and marketing period at 5%. 
Construction program planned for expenditure of $10,000,000 per year. 
“‘A”’?_Recommended Project—Ile aux Vaches Three Stage Project. (See Tabies Nos. 9, 10, 11, 12 and 13.) 
“B’’—Separate Navigation & Power Works. Navigation via Hungry Bay—Melochville Route. 
Power as in Recommended Scheme—Ile aux Vaches Three Stage Project. 
“C”_Four Stage Project—15,500 c.f.s. via Hungry Bay—Melocheville (Canal 300’ x 25’—Vel. 2-0 f.s.). 
Balance of Power as in Recommended Project. (See Table No. 26). 
“1D” —Four Stage Project—31, 800 c.f.s. via Hungry Bay—Melocheville (Canal 360’ x 35’—Vel. 23 f.s.). 
Balance of Power as in Recommended Project (See Table No. 27). 
—Three Stage Project—66, 700 c.f.s. via Hungry Bay—Melocheville (Canal 790’ x 35’—Vel. 2% f.s.). 
Balance of Power as in Ist and 3rd Stages of Recommended Project. (See Table No. 28). 


Boy eee) 


a oe SRM 


COP NH BC 7; ial BH 
1. Assuming no transfer of power between 
Provinces— 
(a) ae marketed at 40,000 h.p. per 


276, 293, 000 
256,713,000 
246,843, 000 


319, 958, 000 
290, 888, 000 
276, 198, 000 


260, 372, 000 
| 239, 012, 000 
228, 332,000 


263, 239, 000 
241,869, 000 
231,069, 000 


265, 629, 000 
246, 159, 000 
236,379, 000 


ye 
22 pee Quebec supplied with 200,000 
h.p. from International Section— 
(a) rere marketed at 40,000 h.p. per 


281,042, 000 
“| 249, 512,000 
234, 102, 000 


265, 239, 000 
243,869, 000 
233,069, 000 


267, 629, 000 
248, 159, 000 


238, 379, 000 


278, 293, 000 
258,713, 000 
248 , 843, 000 


321,958,000 
292,888, 000 
278, 198,000 


Nore.—$2,000,000 has been added to Schemes ‘‘B,”’ ‘‘C,’”’ ‘‘D,’’ and ‘‘E”’ as the difference in value of the 
navigation canal via Hungry Bay-Melocheville over that of the Recommended Project. 
$2,000,000 has been added to all Schemes under No. 2 to cover cost of renewing generators in Barn- 

Island Power House from 60 cycles to 25 cycles. 


St. Lawrence Waterway Project 


376 


092 "ect, 0e9 “6&2 cg 0 en ae ae ee BelePerey she Shs Basins surddiiyg 


Ore ‘G9 006 ‘80T 09 0 Pini |e See arediee” a'  aain eames. as 11g yooy 
002 ‘ 1624 01g §Q9G uy CP 0 ae alta asic ee oe eae 1g yyweq 
000 ‘TFL 002 ‘SFI 00 c a Ree wee wee Oey . ‘YIOMQUID 
00g ‘16S 00g ‘¥G 00 Il Ay oe 2e Pee eee 2 Suraed 9}010U0/) 
OZT ‘OST 089 ‘Ol 00 6 ‘pas no le te ibis/.sgls..¢ fe oS: wily! we Ja) bt beetle Whiv. Coe es. e 94010U0/) ote eee «eae ees « 608 arene. ee ee ey yoo, uNpIe A. ron JIey oulyoR'yT (q) 
1S ‘6LT —_———_—. 
029 ‘6LT O23 ‘STL vA 0 ‘pa NS) Wael IMLw 1k! ©, ip renie iwi 'w. ©'<6: v.00, atte wile wenn @. 2.'¢ yg yooy ele! 41650. €.2 Oe 1606 6008) Cus @).8. ehe. es eDUU Sy [eAroq jo yja0u lg yooy (0) 
—S][VM pues soyAq °‘Z 
sees = 
OSL ‘OL 0&% Ee Cy 0 4} ‘Dg wes) le, ww les e-\e mile a'e » « e/exe ole e Sul[[lap aso[D 
000 ‘0g 000 ‘OT 00 € - " yydep IdA0 ‘YO0L YOM 
OLF ‘789 06h ‘ITZ 00 § Us Get Sees YOOL JOM 
022 “699 OFI *9cGG 03 T ‘pa NS) chk 6 Pee) @6 |p sTe ee yoor AICI —UOT}CAIXT cre ep) She 9s. oe) ets. ap) 9, Ss (Ole (GN 6,0 4] 0. bo eee) em 16. Ss mae, yoo, [eer] UO, MOTO (f) 
20 oe jp 
Cnn eee Cee Coen Cee eee Parroyeaitt) 
OIG ‘32 OFT ‘T9T SF 0 BE OSG eons ck a tn ee SUIT[IIp esol) 
O90‘L9T‘T  |0S¢‘%26 0¢ T SOS | ie hae ee aie: Yoo" 
088 ‘TFS OZI ‘SLE ¢9 0 “PANE «we see o's Se pe Ye —UOTPBABOXG]’ “*Yoo'T [Bor} UO, OF YOoT pues] sunny (a) 
008 ‘SFL a 
08e ‘LT 089 ‘8g cr 0 PP Gay me ee ger ama SUIT[IIp esol) 
OFT ‘908 OZT ‘gz 02 T ae tae - She ee "yoy 
ees beaten oa sphng fcc Ypeg—uorpeavoxg| coc oo] pUurpsy s,un yx 0} YO] unps0,A (p) 
08¢ ‘ELL ae eee 
009 ‘S61 000 ‘E9T 02 T BRS Neo ae ats yoor AIG] 
O86 IOS, 002 “688 G9 0 “pa ui X@) bee, 0) et ain ea) pa, al e:.8' le eriate YPeY—UOTPVABOXG Ss = stele oder eceae ¢ 6.ate e . eye 8845 > Op.« wep Jor}Uu09 04 27838 paen3 eAoqy (2) 
oo. 
069 ‘se 008 ‘6L SF 0 Hes Oe Ce 2 4 eee SUT S601) 
OLL ‘$93 008 ‘z9 GZ F 99 ‘yydap IaA0 *YOOI OM 
OLT ‘688 OLS ‘T6 GS F ae |e aoe ee YOOI YOM 
OOT ‘FZ8 002 ‘22 00 € PANE a eee YOOL JOM 
063 ‘S61 O10 ‘ZT 09 T ulate cutee gee yoor Ad 
O91 ‘S00‘T  j0g9‘ze8 0¢ T ate eee ee yoor AIG 
O61 ‘OF8‘€  |086‘206‘S |¢9 0 Dia: pater Soe Upeny-—-WOIPGA Boxe |" i Ta ee ee ee YOoT uNpIa A 07 HVY AM ouryoeyT (Q) 
620.69): 
OLT ‘OFZ Org ‘9¢ GS ¥ - Yidep IaA0 ‘YOor 49M 
088 ‘TF6 00S ‘12% Go F eRe a Te ia oe YOOL JOM 
020 ‘O0T Ore ‘SE 00 € os ‘yydop Taro ‘Yoor 49M 
008 ‘388 OOT ‘6% 00 € oe elias aes ee a YOO JOM 
06F ‘L9T 089 ‘29 $9 0 ae ee yydap Joao ‘Wyre 
099 ‘EZF‘Z - [00L‘8sL'E {29 0 *pAL- HO: i Saris 88°" gen -YOT yea Baxog |. °° St VY M OUTYOVT 0} SNOT “4g OFT ur iajyVMm deeq (pv) 
—UOTPVABOX TOUUBYD “T 
$ $ ‘syo § 
[®30.L JUNOULY Ayryueny 9}yBY qa) UOTPBVOYISSBIL) uorzdr1osep pus Ulery 


79-Z9 “SON So}R[q 00g 
ANOTV NOILLVDIAVN—LOGOUd CHANAWWOOTU—NOLLOGS ANIHOVI—08 “ON AIAVI 


7 


ip 
oO 


St. Lawrence Waterway Project 


016 ‘Z8S ‘LZ 


OST “SOT “¢ 


OIF 61F 


00¢ ‘TT 


089 ‘L6F‘T 


00¢ “E02 ‘T 


OLT ‘094% 


093 ‘699 ‘T 


002 ‘F89 ‘T 
000‘¢ 
016‘ 
OFF ‘F 

09 ‘641 
OIF‘ 
0s¢ ‘9 

088 ‘9FT 
08% ‘89F ‘T 
08h ‘FL 


000 ‘ST 
090‘ 
000 ‘Sez 
009 

09 ‘eT 
OOT ‘ZT 


090 °9 
Osh *¢ 


OST ‘ST 
018 
029 ‘8s 
OOT ‘6 


068 ‘320°T 


082 ‘8S 


0F6 ‘68 
00€ ‘SST 
000 ‘82 
096 ‘Z¢ 
000 ‘400 ‘T 
062 ‘0&1 


O€L‘ES% 


09F ‘99T 
00¢ *9 
069 ‘9E 


OSF ‘SET 
0128 


000 ‘FT 
092 ‘9FT 


00 000 ‘¢ 
00 06 
00 0S 
0€ 0 
00 € 
00 8T 


06 @ 
Or I 


SZ 0 
G9 0 
02 0 
G9 0 
00 6 


GL 0 


S90 
00 IT 


seem eee “$3uTq} 00} yooy 


se Oe are ne ee ee yoOY —UOTAVA VIX 
pinot aaseen onan k YOM QTD 
SSO D eo A | OO CHOICES ANueBuT}UOD uorljzepuno y 
Dae eres release gases 93010U00) 
Up CN ulegce oer eae gen a910U0/) 
SCekesays ele ¥s. ees «m6 6 6,40) 8, 6Jan6 /6_ 0.906 alm: ple ares © SULIOVVMU() 
tenia oaeMaay evra) sible ie syeleiins 6 Sola) oishn sojeV3 pue sinjoniysiedng 
uo J, eke © (ve) oe) Sie, el 6.6 = Juans” esis) ]903s BULOIOJUIOY 
Wad sitecies eg Ruiwiye Ceres eee see su1oeiqg pues surjyeeqg 
epipeas  OT youes} 490% 
- se eee wee “SSUIPOO}J oOY 
ee *“youel} ‘Ye 
7 pAé nd 05) 0)0)(v0 19, 0 1e)iab eine <n .9y'\ 6 YJAVA—UOIPVA COX 
mp POO OG ciara aaa AQuesuryuod UOT}EpuNo 
OE) CEE SE eR a ay010U00) 
ACRE To. F 0-oc Tee ws 901900.) 
GOWAN Eos ee ae s}sI0y BO] doyg 
Wan Sa, oifa e165, io) (pve feei/ay wi cotlw “ahie] tyalie tage’ a) a050 S30] doyg 
cea ubougeee Sr ors “- UrepIeyOD 
PD BIO Amen Des et wT See Wy Wyweq 
een Geers nee YOOY—UOTYVA VIX 
res Uap | Peete ae ee em Pas aya10U0;) 
iy ef ce aT OR 2 “TPE yoo 
"pk Ny. || eisetiomint cactewen sae © Ig yweq 
ps ‘bg ws 80s ee .e © 0s eaels ie ee dis sh aya + SULULUNLL YT, 
 » lghece MRIS Saeaaee 908} 9U0ZG 
sige Male ah hanes mnie ee Fig I yooy 
AIR OE OR BE ane 2 “TTY yQaeg 
PIC LO) cae eae ec ear oa 9}910U0‘) 
oma or ‘oyAC uNp.1eA UO 99B} BU0IG 
PG hae SOON ee ST CR eC aoe} au0zg 
ps nO ere ete nea teva oo aaninitanecsue tats us suraed 93010007) 
‘ps ‘bg Geeta, eFe ls) 04 ©. 6 «ai 0) 0 dee Jb Jee pie *  SULULUILL J, 
A od er ee aka Se Ss “TY yooy 
SO ee AIRE REIN SH ee ly qe 
pet eae PG NAO el eacio yg yizeq 
“pa nO Bi oths io) Wist ©. @hepps/ ele aia: pie YWAVY—UOl}PCABOXHT 
acandie ea 00, (@ sais @.8)-0: a) We 0.0.0 P a0) F280. «\UeNE 61.9110 Oe ee SULIOVBMU() 
by he be | o> Sepase: lek emetic t suIppos 
“pas ‘Dg Pia tat at ee See a Yet Mat Wat Tar Oia ee ae ** SULULUII 


PLS CR OOO TO SRI ONIN S SO DES TD OS PIVM1O} poten 


peel ps ores C5 cite PEC ean Nal Cate a tees ITaM pues Ssierd souvt}US ‘a}83 preny) °C 


Re Ra aoe SOOM OTC OCT ---gIqeiq, ne ef] YB WEP Jor}UOD *F 


Encvae toutes et Nocona “+ -surequNOy OM, JO OYVT—SYIOM JorUOD *¢ 


SCE aCe LOR a ees OOO WEP [O1}UOd Jo pua YyNOg (a) 


“MOOT [BOIJUOPT 0} YOoT puvysy sunyy (Pp) 


‘+++ y0O'7T PURIST SUNNY 0} YOo'T unpre, (2) 


St. Lawrence Waterway Project 


378 


082 ‘1 
026 


0Z¢ ‘8z¢ ‘F 
08¢ ‘692 
000 ‘¢2T 
002 ‘961 


008 ‘0 
000 ‘O0T 
00¢ ‘T#9 
067 ‘9 
062 ‘IF 
029 ‘T 
019 ‘6 
00¢ ‘T9T 
068 ‘FT 
0F9 ‘698 
066 ‘6 
06 ‘18 
002 ‘6 
096 ‘16 
OLF ‘198 ‘T 


090 ‘s¥8 
008 ‘¢é 


016 ‘B8¢ *L2 
$ $ 


T?30,.L 


qunouly 


O8F‘Z 00 Il pA nO ae eee eee ne wwe e eee suraed 9301000) 
6 00 OIL Waww ay aoe “Suloviq pue Buryeoyg 
096 ‘F6 Ch 0 "4y “bg era re hepeye! Ryn, <6) Oe, ¥eutey‘a Mariela aitetiawa:e “6 SUIT[LIp asolD 
08% A g Coed ele ee ae ee “youl Yooy 
OFL‘T 08 I PER ges shee See es SBUI}OO} yooy 
O19 ‘O6T 0Z T een ee Sah: ee “ yooy 
09 Or ¢ fave pag litte: en youel4 yytedg 
028 ‘0Z c9 0 “ps Bay se eee YWVY—UOTPVA BOX 
Pues eae a2 0 0) etm mye isi ede) es 6<e |]. 6: sa ene . SO [4nO 0) 60. 6 14.6 Ele *£OUOBUT}UOD uolzepunoy 
OTL ‘5 00 Il PRE ee ee rere 20 aie 9}e.10U0Z) 
098 ‘2LFT 00 6 ps ng anata lecaydejielialsals.c8 ja e¥.eljeaitate’ s/s se; prele. <ie%p, aye10U0D @ 
Spal iieLal wel ee) of ee auehbisye S, s)-6 sce 'll sie 6-6 we etay6 eo fh aie) ofers Dubije.e) 0! piele.4) 0) urease st e.e 60 SuriezeMuy) 
BSE SORA OE CORE eee Pipe SN ere tn Oe ON 9388 yoo, Kouesr0urg 
BP ele@iped » oe 5 « Baa ea a ocean dee at (SEAN SATS Soe MeN OO MUCUS 
-dinbe surjysi ‘suvysdeo ‘s1epue 
Rue) So) 6 0 6 6 0 2 0 Bre BKC oe; 6 6 (5.70 D0 45,009 SQ eaepw wh Elie 0) a es aye e ey ee) ow “0490 ‘$}STOY ‘soqead s0In{S 
Cute OkCar eCee CECH! sO RCC a ae) Posies braisia.e:.0 Wisnerere Arouryoe ul Sur}2.10do0 pue SOATBA yoo] 
Shere Fw eee oe BOs) \afinroge le- sles tancolubitenicn (emule ana ‘ AIOUIYOVUL BUTyV1IOdO pue so}V3 YooT 
6S 00 OTT WaAw Ave, See @ Vie e OCaml lee Suloviq pue Surj0e49 
092 ‘16 CP 0 aa “bg G-tepy bh bie (of et, (een lnc) eee. "e mind Lelantel es Sul[[LIp esol) 
OIF OL ¢ ee eee youer} yooy 
ore “¢: 08 IT a a *s3ul}OO} yooy 
08g ‘FST 0% I Pe ale pene eae ee “yooy 
029 ‘> OL € kel (aes ees youel} yyaeq 
089 *99¢ cg 0 aren gsc aes oe YJAVy—UOTPVA BOX, 
(WAS Set fee) 0 poly Gee Mester cook eee eae “yueq uo 20R} au0yg 
ocr‘ 00 Il “pa =m) ee eee eae suraed 230.1005) 
SLB ewe ewe nc elipic sec cece lw abies Swe eehe wr eaneaenes eo. ‘ £oUSBUTZUOD uolyepuno 7 
098 ‘8 00 Le Ran oe ee eee 230.1007) 
0&8 ‘90Z 00 6 “ps no oe alignw, 818, 0/2-.0f ¥) of ieKeleipannenellel euere "+ -@yar0U0D 
Shekel saNS)s. 0 < 0 vu6 . Soe Foe ig iia en eee ee OMEI SION SO7GD COINS 
rir ee ae eeccveflesccensccee vrreeeess togg (Krourovul BuryBsodo ‘soqyeS yoo'T 
o9e‘¢e Ch 0 aay ‘Dg © aL vie eee ee ube (elie) eh eis eie neues SUlT[LIp aso[D 
TI 00 OIT Wain 0 Scale Oe 69.0.8 8 0.8) Oe oe ‘SuLlpvig—surje0yq4g 
O19 01 c Rein eal petra ooo youoly qyeq 
WAS OL € [DASNY 6a eee: *** Youol} YoY —uorjeavoxy |" 
sj3o 6¢ 
Aqqueny a8 yu) UOlPBOYISSBIO, 


"sss ""*""TT9M pus Sold aouBIQUS ‘YOO'T pus] SUNN “72 


SAGE esa eee set eeie ole TT OAM pue sierd soueIzUe ‘yoo, unpio A. 9 


Frreeesssy99—o39 ‘gouvsqUa 0788 preny ‘¢ 


Totes ress Dp IBM IOT 4yusno1g 


UoIydIIosep pus Ul94] 


¥9—@9 “SON 8948 998 


pannywuog—ANOTY NOLLVOIAVN—LOBLOUd CHANAWNWOOCU-NOILOUS ANIHOVI—0E ON WIEVL 


379 


008 ‘SSF ‘IF eee ee were eee se eww ene Ce cc eoeeee aie eee Sige eee ea TS ALOT DOLLLG C) 
092 ‘FOL a 
088 ‘EI Pal ee Ea Me on AK ORCS CMe ee es aT” a xe tt ol ix es es I OO A Uae ek ee “s4Stoy pue S30] doi 
ose ‘98 ee ee eee eee . ougesy SULUTB UTS UL 10} *on9 ‘S1OPILD 
000 ‘¢¢ 008 00 OIT EQ. ANY suloviq pus SulyoyS 
002 tog 09¢ 6 1g CH 0 "yy ‘bg ee * Bul] [Lap aO[D 
08%‘ 0F6 OL PRES (he hy TR youer} YoY, 
09¢ ‘9L 002 ‘6 08 T | Fs a (Oe igre ae OOPS | 
O&Z ‘6E OIT tee 0Z T Oe fae ec yooy 
009 ‘22 006‘8 OL g a ieee | 5) qyweq 
000 °9¢ 0¢z “68 rent) 0 Pteeey (oe ars @evecccoeas “YJAV —UOlVAvoxy 
092 ‘£0F 099 ‘98 00 Il ‘pA nO ee ee peers essesss*oq970N04, ey "259° 9SpLIG BIIOJOTA JO PUS JSAM 4B SZIBATND “IT 
*e = as 
w 0es 08 000‘¢ a ee es es CC ec ee OC eC ee ee quourdinbe suiduing 
= 09 ‘ZI 020‘8Z CP 0 - bg Sie eie je) 2-15) o.1e./6) sisire, <a siete. «16 »oe Bulytip aso]D 
= 0¢s ez OL g Rel ges gee ne youes} yooy 
xe 02S ‘9c OO OF 02 I cgiee | eae gs oe wee yooy 
Ay 0F9 ‘ 1¢ OSF ‘6L Gg 0 . pé nd Peewee weer ences “Ye —uoryeavoxg 
> 096 ‘FI O8F ‘L 00 Z “pA£ "bg BETO SEC SB ae EC IOTG ulepBoe 
8 026 ‘I9T 0GL ‘FT 00 IL “pa nd ately er mrs alloc: eer ere esas ce) «| es a= 77°" *93910U07) Pata at a ee tk CM OR eee OT YOO} unpi2eA, aAoqge Aeaqng OL 
S  086°L¢2 2. ae 
= 060‘ZS a jbid, Wan Se. 10) 6,0. ofp jessie «Teele le sf were «el ere:e af ese, % ond) so) o's) «(ets (ele 6 feleile "9 Burlreyemuy) 
WwW 009 coy ee a ee es errs i CC i ice yonponbe quesoid ‘SYIOM poy Sulstey 
3 01z‘9 008 ‘eI CF 0 ay Digi dee peers ses ent uIP oso[ 
cod 00F ‘97 OFZ 00 OIL “ug “4 W ee Suloelq pus Sulyooyg 
© 088 ‘3 008 ‘T 09 I ral hae ey “++ STTBAA 949009 [BAOWOY 
© OT ‘e OFS 02 g Sead ae ee youed} yoy 
$ OZI Pe 009 VEE 02 I OT. eee ay yooy 
S OF0 ‘GP 09¢ ‘SI Org toast vie: youel} Ye 
3 0&6 ‘0% 002 ‘ZS co 0 eee eae ae Ae Og “Ye —UoTyea vox 
3 0g ‘ 19¢ 0s0 ‘ 1g 00 IL . pA atte) CET a ie Be ete ae a i OE 97010U0d) a  D oe ‘yonponbe [Bor}UOy, 10} [eueo Jopun S}IOAIND 6 
I 080‘seo'e § |--—_—— 
mis ose ‘88 Siereilelis enclose eres ® » as 6 Bai Tee Rape, Cale Se ee ales ‘oo Bur1eyeMuy 
io) 002 ‘O61 ee ee ee ee ee eS OC ee OO 040 ‘quoul 
-dinbo sunysiy ‘sueysdeo ‘srepuaiy 
000 ‘OOT aid 6) (6-7 be Bi 6leee ecm 1.0 O16 Wc 0.6.60, 60:8) 06 161.6: .6 46: 00.68 AIOUTyOeUL Burze10do pue SOA[BA yooT 
00¢ ‘o¢9 siagaltaiecelairad chet in [ie otetareteiaierse|isiioretsireiateistel« ‘ AIOUTYORUL 3urye10do pue $0183 yoo'y 
0S2 ‘FZ 0¢¢'‘Z 00 Il “pa ng € 6.6 Shecailoss sve \elesb-s8 ese) bie) ee suraed 9}010U0D) 
089 ‘29 062 ‘6ST CP 0 “"4y ‘bg PE Oe eae er at Ca aR BuIT[LIp eso] 
OFZ ‘CPE 00Z ‘697 0% I te weer eR ae YoY —uorzeavoxg 
099 ‘Z2Z¢ ‘T OF ‘FLT 00 6 ‘pa m9 Oe Ia TC CCCI EK aC ee Cea Ye RRO et 9}0.10U0d) Stalelle ip felfe:fe twos slots, bifetére lolle 1s. ele lb:/o ce Tellafeiies "6 terteieitelaleveles “*yO0T [eorq UO, 8 
ic. oo 
0S6 ‘S60‘T ee ee ee *'*SULIOZVMUL) 
002 ‘96T VESiM 8) 6, C1806) Bi © 2 Ne).e. 0.d-(0).0 66; 6-410 6 ONO: 0.'0.G 6 @ 6 08 OKs) $0. 0:1S ae 0) Ofe. O40) 6. 0.\6) 0: 0 6.15, OTS ‘quoul 
-<dinbe sunyst] ‘suejsdvo ‘s1apuey 
002 ‘ZF meer ee nese store sseseertoanrvvsressiosssserccesces a4e ‘sysI0y ‘0783 som 
000 ‘OOL Be 0 eek es 0.6.6) 010.06, O'S S506 ee DLS Eo BLS eve Sas) 0: wpe Arouryoe ul sur) e10do pue SOATBA yoo'T 


000 ‘Z8¢ ee ee ie ce a ea aca) * AIOUTYOR Un Bur}e10do pue s0}e3 yoo'] 


St. Lawrence Waterway Project 


380 


000‘8F8 ‘0S $ 


000‘000‘E¢ $ 
008 ‘268 ‘¢ 
002 ‘LOT ‘LF 
000‘OIT 

028 ‘9ST 


OLT ‘928 ‘Z 


00 ‘031 
00 ‘022 


000 ‘OFZ 
OLF ‘LST ‘T 


OFL‘09L 


00€ ‘S8h ‘TF 
$ 


[BIOL 


000 ‘00T 
000 ‘OT 


098 '€% 
096 ‘ZIT 


OLI ‘SPF ‘T 


000 ‘e9¢‘T 
000 ‘0z 


008° LL 
00F ‘GP 


00S ‘ZT 
000 ‘88 


000 ‘OFZ 


OLF ‘196 


000 ‘002 


OFL‘9E¢ 
000 ‘F2z 


LAS Pete NSE PEPIN CENA T Sears ao 


Sept Chr em etee “59s -sayguTaAOId WT 


FP ee ele 6 oss [ise sie «9.506 =) = ¢ 6 osm spue[—f£eM jo qYSY 


poe S}usUIaAOId UIT 
ial Were! atiag's) ‘aire {el aca "alle spue[—Av M-Jo-7ySIY 


an ri wel em eet gee nig | es Scaye) Ts aPe | Gckeal sb honene SSE ere se aspug 


008 *¢ 


qunoury 


Aqryweng 


ouryoey Moreq Ajddns IoyeM [vooT 


Sletishe) seh s./ev. ones. © rerele manne lo leselmilane wepeoVyl 
Rye? iafet'ene) a (08) 8) ew bP ie- el mpian ee Spvol SSBIO SIT 


Gide g 0 ee 4 6 8 8 06 a8, s)he 6 68 odid “ureIp “U9 
een iS es ae OUT ZU BLD? LIC 


EOL UPR ARM Tits 6-070 oinjonrsiedng 
Ea) Kane Pama rc ob Ua SLO aanjonrysqng 


UOl}eoyIssejO 


¥9-c9 “SON 89}78[d 995 


a ie of 06.8 Bee a so 6) B66) 0 ae © we wh 6 [6 6.6 0)8 0 16 seulodeq ouole UOTIVSTABU 
IO} JUOTTOAOIMUAT IO} 4SOO [B07 OY} ‘pepnNpour you st smno'T 
1G VFL] JO [VAI] 107VA MOT OY} OSTVI 04 WIV [O1}UOD OY} JT “0% 


“6I 


a VUwica/.a jase] /o olya, </"=1aa/oS 4) a etl wi CSS Hie) wae) ee is wb vine elie Bury ysiy pus aoyyo yeueg it 


Pie eee Ns gad Caos pean Smt eee rel O TOU Sa TOG (9) 


she (in ace b) @ sh ei’s @ a 1e)'® (N's (9) @ S10) 9, 6. 9 le «lS > sl oKel ele weisle a10yg WWION (0) 


—sosvuep Ayiodoig ‘9 


O9 i aay we, 6.8, wie he atm). lens) accel @ we 6 © 0b 6e eB Biss ale OLe 18 sosueyo ABMYSIFL i 


qunouryse\, pues uNpIeA 0} A[ddns 1038 “FT 


ed queld orpnerpAy, oulyoey jo [BAOUIOY, eT 


ee a Ce a a8 pliq CLLOPOL A (4) 


ouryoe’y] 38 IN] [eoIeA “AY dO (2) 
—SeBplig. “ZT 


beac REPS SEN te Gee sAOSY HY CHOSE MEN SOON Orts ORCS | OM Cp MEY AOE TON NR oe eS. CERI pxVMO] powmreg 


uorydiiosop pue Woy] 


papnjpyuogo—ANOTV NOLLVOIAVN—LOWPOUd GHANHWWOOUU-NOILOUS ANIHOVI—0E ON ATIEAVL 


381 


St. Lawrence Waterway Project 


000‘T9¢ ‘ZT 

OLT ‘$06 ‘T 

088 ‘269 ‘OT 

066 ‘68 0ge ‘I 
OLZ‘FES  |060‘8LT 
OS8‘261  |0c6‘s9 
022 ‘O10‘T |0F2 ‘988 
OFF‘89Z 08% ‘68 
02% ‘0 OIL ‘TS 
0148'20Z |008‘6IE 
0zr‘S6e |0r0‘S6 
080‘SOF  |O10‘SST 
0¢9'26z  |098‘89 
OIL‘LZS‘S OLS ‘ZFS 
OSS‘ZIT =: |OS 9ST 
OFF ‘Shs {O18 ‘08 
Oss ‘Sis‘T loos ‘ZS 
OFF $9 O8F ‘IZ 
068‘0FS |0e9‘ST1 
0°6‘91Z = |ooz ‘See 
ml. 000‘T29‘T 


yunoury | Ayiqueny |} gunowy | Ay4Wueny 


qydep 
“43 OF 99 “33 GE 
WIOL} JUIUIEDIB[US 


ainjN yy JO YSOD 


000‘6¢8‘z 

088 ‘eTs 

OZT ‘Eeg'Z 

06r‘S6 —_jogs‘1¢ 
O9T'Sh Joel OF 
OFS'ZOT (008 "Se 
068 "FOI (066 "98 
O€S'9ZT (008 ' 761 
OLT‘OFT jose ‘ze 
002‘962 006‘ 6 
090‘s¢  |099‘¢T 
ozz‘6ze jose ‘F12 
OLL'OF OLS "9L 
06°69 OTS"6ET 
OSF' TTT Ost ze 
oze'Iry  |ov6"829 


OG ae 
016 ‘6F% 

060 ‘292 ‘Z 

0F6 ‘0G 086 ‘9T 
OST’ Lr = 0ce "6s 
OPL' TSE Osh '9T 
06°62 066 "LOT 
OL8'9L — 098'STT 
OLF‘FEI |0F9‘TS 
O9L‘F8% 026 ‘76 

002 ‘22 000‘ LT 
O1g‘69% 06S ‘FZ 
0L6°08 _/08'eeT 
OF0'S9F —|096'80T 
0€0'OST _|0T0'09 
ae - 108¢ ‘TL 


yunowy | Ayjuuny 


A[[BuIst10 
dosp “4} 1% epeul 
STOUUBY) UOI4VSIAvU 
J 4S0D [BuoT}Ippy 


AT[® 
-UISIIO daap *4} ¢Z 
epeUl S[ouUBYO UOT} 
-BBIACN JI SUIAGS 


a7yeY 


ciogiilig aeaiet ota tens or eects s[eqO, 


Terese sesesss Apoqeurrxoidds %8Zy] °° °°" serouesutyUOO pue Sul1eoUlsUq 


A “***yAdapslaAO YOOL JOM 
*OOI YOM 
* aeispasae oo: STG ——WOLY ARO XR | eu ee eee YIOT [VoIQUOP, MOTO 
’ at S[9 0.1 “OM 
a Rea en coe “Yo01 10M 
my OVS LES Yul emai - sets 00r AIG] —UOTZVABOX |" YOO] [V9IJUOJ[ 04 YOOT puvysy sunny 
5 “*-yqdepilaAo Yoo1 49M 
Sie A ee ee ote ieee yoo AIG 
Rete sf seme ears encteae ee 
pA ‘ng ; Sh ferns oe ee *‘* YOO] pUBIS]T SUNNY OF YOO] unpssA 
as Yor 19M 
x “*yqdepiaAo YOOL JOM 
Soe oon 8 *9900 JOM, 
ee (See "+9907 OAL 
a ag)” a ea yoo Aig 
3 eee eee . . “yoor A1q 
*p&é TG)! ee a ste js +. “YB —uolyVa vox] see e eee eee OT unpI3A 07 jreqa aurlyoe'] 
“yqdeps1aAo FOOL JOM 
S v/s aaNet DOT 19h 
- “***qydapiaAO YoOL JOM 
:- cea. heat 97 
sate eee yidopi9aAo yore *‘yreyM 
pA NO | agreny—uoneAvoxg jourgoey 0} sInoy "49 eye] ul 103um dooq 


yu) WOTPBOISSeIO, 


uolydI1oseq pue Wo}] 


“LG 
“9G 


“GS 


‘VG 


“SG 


382 St. Lawrence Waterway Project 


TABLE No. 31—LACHINE SECTION—NAVIGATION ALONE—RECOMMENDED PROJECT 
For details—see Table No. 30 


Lake off wo Mountains control 2: sant. el eee roan eae 5 ceed ere $ 419, 410 
Navigation works—Lake St. ] ouis to Montfreal...........0....... 05. ccc cece cease 40, 809, 060 
Control damien ce fen. sis a 0 Oa Re ree en nee SO eee ee eee 5,878,730 
Engineering and contingencies— -124 per cent.................cc0cecssecceeccseces 5,892,800 

$ 53,000,000 
Saving if navigation channels made 23 ft. deep originally.................-..seceeeeeceeceess $ 2,517,000 
Additional cost if navigation channels made 27 ft. deep originally.................cceececeuee 2,839, 000 


Cost of future enlargemens from. 25 {t=depth to s0su. depth 2) ies ol ae ee 12,561, 000 
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TABLE No. 33.—LACHINE SECTION—POWER SUBSEQUENT TO NAVIGATION 
For details—see Table No. 32 


sm otare=aowemnouse Ol sOULIISNOLGE HE sat tracce mirc e seem tam a es en one eee 391,000 h.p. 
2ndeetage——Rowershousé.- in Ply eben eee aoe oe ee ee 422,000 h.p. 
Ist Stage— 
Substructure, head and tail-race excavation................cccceccececceeees w 60, 209, 000 
Machinery. and superstructure’ 94 a? go ke testes tans. oe de ee ee ee ee a 21,038, 000 
——————$ 81, 247,000 
2np STace— 
Substructure, head and tail-race excavation...................cccererceccers $ 20,928,000 
Machinery. and 'superstructurers: #0 at a... Se... 33 eM ee ee 21,038,000 
—————— 41,966,000 
HBC 7 Peer NRE CARES soe, ca3s Garin bse ARAL POP eS APSE pratensis Da $123, 213, 000 


Power Houses INSTALLATIONS 


IstiStave-—-19-22) 900 hepsunits or tunead nee mea asek ce te eee eee Cole tes. 435,000 h.p. 
Ondystace——19=2530100) hie. Uni tay (Ss * sitbaela CAC) reese verienertouevcteiares ie veieiel paieeen ee Wi eintenarereeeneiers oer 488,000 h.p. 
MA Rg Osi Cains taah Gm cae It) aaee 2 cE) eee URI 7 Wt RY Pea SRY Ua wm Ct alee as ~ AL or Ue ORT 923,000 h.p. 


TABLE No. 34—LACHINE SECTION—TABLE SHOWING OVER ALL COST OF POWER 
DEVELOPMENT SUBSEQUENT TO NAVIGATION 


Interest during construction and marketing period, 5 per cent. 
Power marketed at 75,000 h.p. per year. 
Construction program planned for expenditure of $10,000,000 per year. 


Half con-| Half 


— ea struction |market Interest 
period | period 

TetiStagze— 601 000 eps. see awee ace iens dationanectias 60,209,000} 3-01 2:60 | 0-315 18,980, 000 
21,038,000 

Mndastage—122 000 hip. aan asec te thies een ee. ee 20, 928, 000 1-05 2-81 0-209 4,370,000 
21,038,000 

$123, 213, 000 $ 23,350, 000 

ING OLE GTR COR aa RAS Ee A PR Hn ty pacess ahi lo data ates beret laa teatntien cat [epee eel |i att a 123, 213, 000 

AMOS RAR RS Alero cores SCR ER NCBIERS Ge ibe eta ECR En atte ic RAE IG HOUSE) nore ore $146, 563, 000 
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TABLE No. 39.-ACREAGE OVERFLOWED AT MAXIMUM LEVELS BY VARIOUS 
ALTERNATIVE PROJECTS IN INTERNATIONAL RAPIDS SECTION 


Single 
Single Ogden Crysler stage 
ed stage Island Island controlled 
Project Project Project Project 
No, 1-242 No, 4-224 No. 5-217 No. 6-238 
1 Se acres acres acres acres 
InjCanada (Mainland) syn. eee eee 4,952 3, 258 4,471 3,493 
InuUinited States (Mainland irae. aes 11,359 4,434 5,444 7,421 
On@slands. Ree ees yes oie er gree ae 5, 542 4,295 3,465 5,308 


Motalis see oo ae A aes ae oe ee ae 21,853 11, 987 13,380 16, 222 
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*TABLE NO. 40—INTERNATIONAL RAPIDS SECTION—CRYSLER ISD—TIWO-STAGE 


DEVELOPMENT—217 


Cost to develop power at Crysler Island and to carry navigation through to Lake St. 


Francis, including works necessary to raise lower pool to elevation 217 at Long Sault. 


Upper Pool— 
Works solelystoreNavica tion cca: mein acters ae merit ree aeiretee 8,732,000 
Works common? to) Navivation and Powers. aes. scenes celeste 69,986,000 
Works primarily for Power— 
Substructures, Head and Tailrace Excavation.............. 25,698,000 
Machineryarands SUperstrnccunes ser cydeiceia aces sae ee cetera 30,760,000 
————— 135,176,000 
Lower Pool— 
Works solelvettoreeN avis atrOomacss «chs site oe etek bieickiamiolabecbanele tus tae 25,618,000 
Works common to Navigation and Power— 
Permanente VObKSm ase pin ta ett, eae Ase cree Sates ole Siena ns 14,180,000 
Temporary Works— 
Dam north of L. Sault Isd. including bank and Unwatering 4,750,000 
————— 44,548,000 
EOL a eee A aaa Ae RID RET MANS cs Mariah $179,724,000 


SUBSEQUENT COST TO DEVELOP POWER AT BARNHART ISLAND 


Works: common’ to Navigation’ and (Powers aoe - at oeicte.c selects 13,153,000 
Works Primarily for Power— 
Substructures, Head and Tailrace Excavation.............. 35,519,000 
Machinenvrand poUpersthucbulLes: rei cci cranes te celeste rae 43,418,000 
ANS ESL TiS reer cere URS Ci tgs BieteotS Cee Ree Aas) eee $ 92,090,000 


Grand Total— 
Total cost of development of all power in International 


Rapids Section by this method of Procedure............ $271,479,000 


*Prepared by Canadian Section. Not checked by United States Section. 
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APPENDIX D 
RIVER LEVELS AND DISCHARGES AT AND BELOW MONTREAL 


1. The manner in which regulation of outflow from lake Ontario changes 
water levels in Montreal harbour has been dealt with in part IV and appendix 
B of this report. A summary of the extent to which diversions from the Great 
Lakes system and from the St. Lawrence river above Montreal, lower water 
levels at and below Montreal has been given in the main report. This appendix 
gives the basic data and computations from which the conclusions were drawn. 

2. To determine the effect of diversion, it is necessary to obtain the relation 
between gauge height and discharge at a number of points in the river. In this 
study, relations were first established for governing points and then relations 
were extended from these to other points in this River. The governing points 
chosen were lock 25 at Iroquois in the International Section and the upper 
reach at Grenville on the Ottawa river. 

3. The flow of the St. Lawrence River near lock 25 has been measured 
by approved methods on many occasions and throughout a wide range of stage. 
The U.S. Lake Survey made many measurements at Point Three Points in the 
years 1901, 1902, 1908, 1911, 1913 and 1914. The Public Works Department 
duplicated most of this work in the years 1918, 1919 and 1920, and in recent 
vears the Canadian Department of Railways and Canals extended and checked 
this work by meterings above Iroquois Point. From all these measurements 
a reliable relation between discharge and gauge height at Lock 25 has been 
established, (plates Nos. 1 and 2). By simultaneous gauge readings this 
relation has been extended to all gauges upstream to Lake Ontario and down- 
stream to Lock 21, at the head of the Long Sault Rapids. By use of rating 
stations on the St. Regis and Grass rivers, established years ago, and by records 
on other streams the relation between discharge and stage at the outlet of lake 
St. Francis has also been derived. 

4. A relation between discharge and stage at Grenville on the Ottawa 
river has been established (plate No. 3), in part from measurements made 
above and below that point by the Public Works Department in the years 
1907-18, in part by the measurements made by the Department of Railways 
and Canals and in part by the use of weir formulae applied to the spillway 
dam at Carillon. Stage relation diagrams extending over a wide range have 
have also been established from meterings by the Public Works Department 
for the several outlets of Lake of Two Mountains (plate Nos. 4 and 5). They 
have been closely checked with discharge at Grenville during periods of low 
precipitation. 

5. By selection of periods during whith local precipitation was low and 
during which no high wind occurred and by use of gauge discharge relations 
in tributary streams, records of flow in all streams leading to the foot of Lake 
St. Louis were accumulated and by correction for local storage, a relation was 
derived for lock No. 5, Lachine (plates 6, 7 and 8). The relation established 
in this way was checked by meterings opposite the mouth of the Montreal 
Aqueduct a few miles below Lock No. 5. The direct measurements made below 
Lachine do not cover a wide range of stage but check discharge relations derived 
by the method above described. 
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6. In establishing the gauge discharge relations at Lock 5, Lachine, two 
indirect methods were used. 

7. In the first method, the total flow for selected storm-free periods for 
Lock 25 on the St. Lawrence and for Upper Grenville on the Ottawa was read 
off adopted curves. To this was added the run-off of the drainage area from 
Lock 25 to Lock 5 on the St. Lawrence and from Upper Grenville to Upper St. 
Annes on the Ottawa. From the total discharge thus obtained the flow through 
the Mille Iles and Des Prairie rivers, as read from curves, was deducted. This 
gave the discharge in the main river past Lachine. During-these periods, the 
run-off from this drainage area was approximated from the rate of flow per 
unit of drainage area in near-by rivers where the area and outflow were avail- 
able from established ratings. 

8. In the second method the total flow past lock 5, Lachine, was derived by 
adding the discharge of the St. Lawrence west of lock 25 to that of the two out- 
lets of Lake of Two Mountains which lead into lake St. Louis and adding to this 
again, the run-off of the drainage area between lock 25 and lock 5 Lachine, 
derived proportionally from other local streams as in the first case described. 
The flow out of Lake of Two Mountains in this case was taken as independent 
of the level of Lake St. Louis. 

9. The results obtained by the two methods were found to be in close agree- 
ment. Those established by the latter method were used in the discharge gauge 
relation adopted for lock No. 5, Lachine. Table No. 1 showing the computations 
for the relation adopted for the period 1904 to date is attached to this Appendix. 
The discharge gauge relation is shown on Plate No. 7. 

10. The discharge gauge relation for the period 1860 to 1877 is not based on 
extensive data and is probably not as reliable as that for the later period. In 
some cases the determinations made were somewhat round-about due to gauge 
records at all stations not being complete. Computations for this period are 
shown on Table No. 2 and the discharge is shown on Plate No. 6. 

11. The discharge relation for the period of 1884 to 1895 was derived from 
continuous comparisons of a number of gauge readings and known changes in the 
outlet of Lake St. Louis, and is shown on Plate No. 8. 

12. A discharge gauge relation for Pointe Ste. Clair gauge on lake St. Louis 
is also attached to this appendix, plate No. 9. It has been derived by con- 
tinuous comparison of the readings at this point with those at lock No. 5, Lachine. 
The readings of the gauge at lock No. 5, Lachine, fluctuate due to changes in 
flow in the canal while the readings of the gauge at Pointe St. Claire are not © 
subject to such changes. | 

13. Gauge relations in Montreal harbour and below show that water levels 
as far up as the foot of the Lachine canal vary with the spring and neap tides 
as well as with the relative flow in the Ottawa and St. Lawrence rivers and 
changes of wind. Accordingly, only neap tide weeks and periods of little wind 
were used in compiling data for the determination of. discharge stage relations 
at and below Montreal. 

14. It is not possible to derive a simple discharge relation for. the water 
level in Montreal harbour, due to the back-water effects of the flow from the 
Mille Iles, Des Prairies and other rivers which enter the main river below 
Montreal. The stage of the Ottawa and other rivers entering the St. Lawrence 
is often high when that of the St. Lawrence at Lachine is relatively low. Meter- 
ings of the St. Lawrence below Montreal do not give much information because 
of the interference of the tide and the sensitiveness of the river to changes of the 
wind. The back-water effect of the inflow from the rivers downstream from the 
Des Prairies outlet of the Ottawa river is noticeable in Montreal harbour but 
its magnitude is small, except when the lower tributaries are in flood. 
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15. In order to develop discharge stage relations that would enable the 
effect of given diversions to be dealt with, a series of discharge stage relations 
were derived at a number of points at and below Montreal from diagrams 
for Lachine, plate No. 8, and Pointe Claire, plate No. 9, based on periods 
during which the discharges down the Mille Iles and Des Prairies rivers were 
constant. 


16. In the preparation of diagrams a series of periods during which the 
water levels at Upper St. Annes varied between 69.6 and 70.0, 70.0 and 70.4, 
70.4 and 70.8, etc., were grouped together and a diagram of discharges and 
stages for lock No. 1, Montreal harbour produced for each series. The plotted 
results in two of the series used are attached to this Appendix, plate No. 11, 
along with the table (No. 3) from which they were obtained. The result of all 
the computations, plate No. 10, shows that, as the general discharge stage rela- 
tions are expressed by straight lines, the amount of change in stage for a given 
change in flow is constant, regardless of the stage of the river at Lock No. 1, 
Montreal. With a rise or fall of 1 foot on the Lock 1 gauge, the level of Lake 
of Two Mountains remaining constant, the increase or decrease of flow in the 
St. Lawrence may be taken as 23,000 cubic feet per second. Conversely, if the 
flow in the St. Lawrence be reduced by 23,000 cubic feet per second, the lower- 
ing of the water level at Lock No. 1 will be 1 foot. By proportion, a reduc- 
tion of flow of 8,500 cubic feet per second (which is the present authorized 
diversion at Chicago) lowers the water level in the harbour to the extent of 
0.37 feet. 

17. The determination of the discharge stage relation at Varennes is 
simpler than the determination of this relation in Montreal harbour, because 
the flow past the point in this case is the factor which largely governs in the 
relation. However, the volume of inflow from rivers below Varennes still 
influences stages at Varennes. The determination of the precise manner in 
which changes in flow in each stream affects the stage at Varennes would be a 
long and futile task as the number of points where water enters is very large 
and the effect of many is so small that they cannot be detected in gauge rela- 
tions which are also affected by tide and wind. 

18. The best that can be done is to approximate from the Chezy formule 
the back-water effect of one or two of the larger rivers and assume that a cer- 
tain percentage of the flow in these would produce the actual stages found if 
it were added to the flow past the point. 


19. In this way, the diagram, plate No. 12, attached to this appendix, was 
developed. The discharge taken as governing the relation is: That of the main 
river, derived from the pointe Claire gauge, plus the discharge for the Mille 
Iles and Des Prairies rivers derived from the Upper St. Annes gauge, plus 
that estimated for the tributary area between these gauges and Varennes, plus 
one-half the flow of the Richelieu river and one-third of the St. Maurice to 
cover an amount that would produce the same effects at the gauge as that 
which does actually enter the St. Lawrence below Varennes. The inflow from 
the tributary area between lake St. Louis and Lake of Two Mountains and 
Varennes was taken as a proportion of the St. Maurice river. The computa- 
tions are shown on Table No. 4. 

20. The discharge stage relation, for Sorel, plate No. 13, was obtained by 
taking the governing flow as that of the main river plus that of the Mille Iles, 
Des Prairies and Richelieu rivers, plus that of the drainage area between Sorel 
and the outlets of lake St. Louis, Lake of Two Mountains and lake Champlain, 
plus the flow of the St. Francis river and a portion of the flow of the St. 
Maurice. Computations are included in Table No. 4. 
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21. The curves of discharge stage relation shown on plates Nos. 12 and 13, 
are so drawn in the lower range as to be parallel to lines connecting series of 
observations in which the flow of the St. Maurice stood constant. In this 
way the slope of the lower part of the curve is more accurately shown than 
might appear from the points on the diagram. 

22. From table No. 4, it may be seen that at low stages a chaiee in flow 
of 24,500 cubic feet per second causes a change of stage of 1 foot at Varennes, 
or a diminution of 8,500 cubic feet per second in flow lowers the level at that 
point to the extent of 0.35 foot, and at Sorel, 31,000 cubic feet per second 
represents a change of stage of 1 foot or a diminution in flow of 8,500 cubic 
feet per second causes a lowering in water level of 0.28 foot. 

23. In a way similar to that above described, the effect of a reduction in 
flow of 8,500 cubic feet per second at Batiscan was found to be equivalent to 
0.24 foot of stage. At points further down, the effect of the diversion was 
taken as proportional to the relative change in level as shown on published 
charts. 

24. The effect of a diminution in flow of 8,500 cubic feet per second at 
various points in the lower St. Lawrence may be summarized as follows:— 


Feet 
Montreal (Harbour) i... 125 bi BS aad Ce IO ie ee, Se a eee oe ORS7 
Varennes fd) dsabaoal thende cttbiias Wott ebuanaede beets Sauces auciatercta serene tebe 0.35 
OL G) es iaraa co tialecs oes GRNSTe caate, STOMA cnc ORURTTE ote Steuoperste tiie te conser marche rh rece teers 0.28 
Bartisear Oy. VCO etal SES TE SRS AS ROS ENT A GRA RO ay ck eee aha 0.24 
Tet binwend tyra. woes cele cote peek eae s oh le Damien eecae ere eereeee sere 0.24 
MES OEM CLE 0) AREER See Oe ahs GOs Oak ELIE MAU Re am clita etic SA iets clone Oy ABC 3 0.17 
Tre Bee CN UN ip alee att Reed baectiHAIN: s 1 ulmi SelB Gs ota Apron eno bana, ely meson ted 7 AE 0.03 


25. Compensation. The losses in stage summarized in the last paragraph 
can be restored by dredging Montreal harbour and the river channel to a greater 
depth and lowering the foundations of docks and wharves in the harbour 
accordingly. 

The amount of dredging required would be the amount of losses shown 
with an addition of about 15 per cent in the case of Montreal harbour and an 
average of 6 per cent in the channel between Varennes and Quebec, this addi- 
tional amount being necessary to compensate for the further recession resulting 
from this dredging. The probability of dredging for compensation being done 
as a special work is not entertained as this would be an expensive undertaking. 
It seems reasonable to assume that it would be incorporated in a general pro- 
gram and the rates used in the estimate of cost are based on this assumption. 
The programs of the past have been for deepening from 274 to 30 feet and a 
later program, now about half completed, is for deepening from 30 to 35 feet. 
The following table shows the yardage involved in deepening the channel to 
the extent of 5 feet from Montreal to deep water above Quebec, with an estimate 
of the further quantities to be removed to compensate for a diversion from the 
river above Montreal of 8,500 cubic feet per second. 


Cubie Yards Cubic Yards 
To excavate from Required 

30 to 35 feet to compensate 
Montreal’ to, Sorel wastuceys hie. ee ad tee «oes 16,571,961 1,330,000 
Sorel} toa Bastiscan). srakrnscwacct «eueleteeh ole 24,938,875 1,380,000 
Batisean) tor uotbiniese, .ptieus eater eee 6,595,441 364,000 
Lovhiniene,to St. Aucustiniy,: ean ays -Ae- 2,601,766 94,000 
Total SMR oAa Aye RASARE, toe Ce PURO R RA. PRAY AES GRASSI) 218 kit LOR. a 3,168,000 
3168 000 citys. ab420 5) cents pericuy ViG.aLp fe  ieeied: otter $1,346,400 

Plant, shops, surveys, etc., average, proportional cost since begin- 

nines of rworkse 6OMperticanth, Alan. Aateltoes Senha ete oie omen ere 807,600 


otal’ Ce Fe. ie eae Mets eae ele Maa te Bhs a eee Pa ee aE Ne $2,154,000 
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26. Dredging Montreal Harbour. The dredged area in Montreal harbour 
at the present time is about 18,364,000 square feet in earth and 5,540,000 square 
feet in shale rock. 

A loss in depth of about 1.15 feet has occurred in this harbour since 1899, 
from causes other than the Chicago diversion. A deepening of the whole har- 
bour to the extent of 3 feet probably represents what will be done as regards 
some parts and what has already been done in others. 

The estimated cost of such deepening over and above what was and is 
required to preserve original works is as follows:— 


Shale rock dredging 5,540,000 x %7= 616,000 cy. at $3.50....... $2,160,000 
Earth dredging .. 18,364,000 x %7=2,040,000 cy. at 1.00....... 2,040,000 
IRI OMCOSUsmLO La lesen etd pvetetchvareousts can tercnsiiosskay cae gaceucusted sate ieeivcisie) ois) cosh eudes.sue.6 $4,200,000 
Add fer engineering and contingencies 10% ..........eeeeeeee 420,000 
TGtal cites, ho.c Pecks Meee ree the EITM ery ese ob ols siaic’ers, e's seers. als $4,620,000 


_ Of this 3 feet, the portion chargeable to the Chicago Diversion is 0.37 foot, 
increased by 15%=0.425 foot. The amount chargeable to Chicago Diversion 
therefor will be 0.425 x 4,620,000=-$654,000. 

3 


27. Piers and Dock Walls. To restore all losses due to lowered water levels 
in Montreal is a large undertaking. There are at present 46,000 lineal feet of 
high dock wall, all of which are solid retaining crib construction, below the 
bottom level of which excavation cannot be carried without danger of collapse. 
Some of it is founded on shale rock and some of it has only an earth founda- 
tion. The dock walls which were built before 1901 are all of timber construc- 
tion throughout, while those recently built are timber in the lower 30 feet of 
their height, and concrete above. The upper 24 feet of the older work is subject 
to decay, and reconstruction of this will be required before long. 

28. The estimate prepared by the Canadian section (see paragraph 214, 
main report) assumes that the newer docks were built deep enough to care for 
the loss in depth due to the diversion at Chicago and that the older docks will 
require to be rebuilt to a greater depth in the near future. 

The cost of reconstruction of docks for an increase in depth of 3 feet will 
be:— 


30 fcet and over, 30,720 lin. feet, 1,164,000 c.y. at $7.00 .......... $ 8,148,000 
27 feet and oyer, 12,300 lin. feet, 410,000 cy. at $7.00 .......... 2,870,000 
20 feet and over, 3,244 lin. feet, 58,000 cy. at $7.00 .......... 406,000 
Total. We1o et ree Sa UME na a eta she: au ce SINE SUTEE MINS a iets $11,424,000 
Add engineering and contingencies, 10% .........e..seseeeee 1,143,000 
Totalicre we ites ita cee waked out eerste Serene $12,567,000 


As in the case of harbour dredging, the portion chargeable to Chicago 
diversion is in the ratio of 0.425 feet to 3.0 feet, which is, say $1,800,000. 


29. SumMarRyY. The total estimated cost of increasing the depth in Mont- 
real harbour and the St. Lawrence ship channel, to compensate for a diversion of 
8,500 cubic feet per second, will be as follows:— 


Dredging ship channel, Montreal to St. ae eee Asay ener eesicts $2,154,000 
Dredging, Montreal Harbour. toh cae sete) acy fimeae oe a een 654,000 
Reconstruction sote doclwgwiall syne tesarsteucverueecicvse tots ies levsnoveleroxehenoronevewewene 1,800,000 

Grand. totale-?)...1... Re Ree Roe ars ere a yar We by Nea $4,608,000 


Adopted by the Board, June 2, 1927. 


St. Lawrence Waterway Project 


398 


> *@AIND 9Y} YSI[Qe}Se 0} 
pe}0e[es Uesq sABY AY} ‘JUE}SISUOD oI1OUI Ivedde (1[) [OD UI esoy} SB ynq ‘JUETIEOIZG IG} UI BIE S}[NSCI OYJ, “UOI}[NO[Vd JO Spoyzour OAIZeUIOZ]S Aq OSIVYOSIP OAIS (/]) PLB (QT) ‘S[OO—ALON 


008°29¢ OOs‘TSe | 19-02 000‘82 000‘0FT | 000‘F8 008622 | 000‘21 000‘OT 0088 108°F 
OT ‘64% 006'FSh | LP-ZL 000‘FSI | 000‘%9% | 000°%ET | 000‘292 | 006‘2g OOT ‘8h 006 ‘68 L08‘F 
OOT ‘£04 OOT*e6s | 6F-TL 00S‘6IT | 000‘°S2% | OOS‘6IT | 003'F9% | 00F‘EZ 00% “61 OIT‘9T 108°F 


oor 'T 009° 000‘¢ 009‘T “OT6T 9Une CC-€T 
0g9 9 026 ¢ 008‘T 086°9T | 9T6I ABI 2% 
010‘ 01s ‘¢ oge'¢ 09g‘ 9T6T ABW 


008 ‘FEZ O&F‘9E% | 90-99 008 ‘TT 00288 007 ‘Sz 008'61z 0€8'¢ 006° 189° L08'% 64S OST ‘T 618 6IT “GI6I “AON 
00% ‘ZZ OST ‘FS | ¥E-99 000‘FI 009‘ &F 00%‘ 82 OOT Sco | 086 € 00€ € OFL‘S 1084 CLP OLT'T P56 laa “ST6I °220 
098‘ €2Z 098°99% | 69-29 000‘6F 000°Z0T | 000‘09 006‘ 1éé 096‘% 097 960° 408 Tog $98 org 69T ‘GT6T + ounr 
099‘ F&% 0978s | 21-99 008°% 000‘9T 008‘ FT 006 62% 098°% 096 T 869 T 108 ¥ Gos 669 T6¢ 06 ‘FI6E “PO 
OSL‘ SZ 099'9%% | 8-99 009‘¢ 000‘8T 000‘9T 009 Tre | 090 € SG 160°% L08'¢ 9CF 608 | 6S2 Orr “PI6I “300g 
006‘ 982 009‘#82 | 26°29 00¢‘Sz 000‘29 00¢‘6E 006°292 | 002‘°F 00g € 168 3 208 F 88E 09F T €16 O&T “PI6r oune 
019‘ 8S 068°6F% | 26-99 00F‘2 002‘ &% 00% ‘02 00L' FFE 068‘T 01g T 00¢‘T 108 °F Ost OST 009 00T “ST6T “290 9I-L 
OIL ‘09% OFS‘69% | 02-29 OOT‘2 000‘92 008 ‘0zZ 009°2Se | OFE‘T OIL'T 126. 108‘F ae £6 08T 80F Oot “SI6I “340g 
OF8 ‘S12 OF6‘E2Z | $9-29 002‘6 000‘08 000‘ 00¢‘°S9% | OFL‘T OFF T L461 1 108‘F if BGG 6S¢ O9F 0cT ‘SI6l “any 
098‘ 962 08Z°S62 | 32-89 009‘9T 009‘ SF 000‘T 008‘822 | 08h'Z 090°% FOL‘ T 108‘F °F nee en GCE 699 009 OZT ‘er6r =Arng 
00S‘ TLE 066°ESE | 8F-02 000‘¢8 000‘ZST | 00¢‘06 009‘T8Z | 068° 006‘F 190‘F L08‘F EF St. 668 Org T 666 002 “SI6E Avy 
LT 9T ST ia! &T rat II or 6 8 ZL 9 g v g 4 T 
3 = iM qt Q v iH Ss) S) s 4 R ry fo) wD 
pe) ne) a io = ° io} a: —) AB ~ 
S Bale $. 23 g : F peg! 28) g Gig |) Oeaee Gaol Oz 
i lease JERR 13 ee Hraeet a SP g = ee | g8 | ge | g8 
ar | tf ' rt o 2 S ns ee eo F Eo ES BS. ES 
galt ee og eae B z ato] 6B] OF 4 SP | 82 | $F | Sx 
to v8 5 us 8. rs e ong Oil be Py PY Pry Py 
3 : e) re) y 
SF | ae-| = | 8 u See; oe] * . ef | -2 | =u | =8 
2 el a g on| &, & sat ry 44 a9 “ed 
l o o )o> SP (2) —) op a 
= s oe Az 5 Ss Ss i 
& eel S| Sio c es 2 = 
aS! Oo] =] en Ss SS aie 
xe] lod 
Pel S|. 
Sf Sill a 
ajo § 


ALVG OL 406 GOIWAd ‘ADNAVO ANIHOVT ‘¢ MOOT YUOX NOILVIGU AOVIS AOUVHOSIG AO NOILVAIMHA ONTIMOHS—T ‘ON WIAVL 


399 


St. Lawrence Waterway Project 


*a9AMD OY} YSI[GB}Se 0} Pop}os[eS useq 
eavy Loy} ‘jUo}sIsu0d e10Ur Ivedde (JT) ‘[OD Ul esoy, se 4yNq “JUOIVOISe ITB} Ul 918 S}[NSOI CYT, “SUOT}E[NO[vO JO Spoy,our EAT}VUIOZTS Aq esreyosip eAls (JJ) pues (9T) “S[oO— ALON 


02‘ 19% 008 ‘#92 €€-l9 000‘9T 008‘2F 000‘0¢ 009‘ 8#z 00F‘S 028" 4 6S8‘T 028°¢ O6SE 4 ee Sec 6&9 60S get 
019 ITE OIL ‘008 TSI‘89 00S‘ eF 000‘98 00g‘¢¢ ooT‘T9z | OTS‘s 0L0‘L 199°F 028°8 OSiw This’ OS8L‘T 0g9‘T T6¢ 
082 LEE 082‘ 8ze 69°69 000‘F9 000‘F2T 00032 009‘ 19% 0S9‘FT OST ‘ZT 610 8 028°8 OCS' Rl i Gees one's 09'S 6SF 
097 922 066 ‘PLZ 01°29 000‘9T 00S‘ FF 00¢‘08 006‘ 292 060‘8 09g‘% 196 I Ih¥‘F 00F 9LE 60% £69 6ST 
OLE Soe 009‘ ZTE 61-69 00F ‘TS 00$‘F0T 000‘29 001 ‘692 098‘¢ 018‘F 0e2‘s It¥'F 0g0‘T LOD OST ‘T 982 LIE 
OST ShE 00F' FEE 68-69 000‘S2 000‘ FFT 000‘%8 000‘ 62 00%‘ 8 OST ‘TT T¥S'8 l¥P‘P 002‘T Ore ‘T 020‘¢ 060‘Z 168 
00€ LEE OOF ScE 99-69 000‘T8 000‘#ST 000‘28 009 ‘Sh 006‘I 008‘ OT TE6 9 IPL‘S i : “1 088'T Orr's 092‘T 189 
LI 9T cT las €1 6r IT or 6 8 Ls 9 S 7 € 4 
8 8 td qd Q s) td = SI | 4 Zz R rg ° 2) 
sg | se | 8 23 g g 8 Bea) oe) ¢ $ | s& | Sy | S | Be | Bz 
ce | ree x 28 zl i a a eg ee = Se lowes (ge hie. 2) age 
nen) +0 es Bop = 8, GS Fol mel] & S) Bo | BS | BS | Be | sg 
aya ae ® @ | 2. e] BB” eer 3 &. Ry & R we we 
aoe ie | Sb lise & 3 Ryle Sa eng ees 3 sy | SP | SP | BF | Bp 
MOR ro & oe a be E gig) ©2/ & m3 tA geo esl eta as Ur, 
ee SS) ae : : a8) ies ® : | a a Ie Wa 
beter ec | =a | <E S S35) £8 e | s | gf | ge | a8 | Se 
| e G2>| Sp ‘ = wa a wae & 
es s oS Mit = iz fe i n 
fe #481 919, a L ie a = 
—< a'o 2, ere : 
meget | + 
= ee [er 
g SEF T 
os 


ponuyuoon—ALVA OL 4061 GCOINAd ‘ADAVO ANIHOVT ‘¢ MOOT UOA NOILVIGU ADVLS ADUVHOSIG AO NOILVAINAA ONIMOHS—T ON ATAVL 


St. Lawrence Waterway Project 


400 


“OAIND OY} YSI[GBySe 0} poz09]0s 
useq savy Aoy} “JuBySISUOD O1OUI Ivedde (JT) [OD UI eSOY} SB nq ‘JUeMMESISE I} UI Ov S}[NSEI OY, “SUOT}E[NOTo Jo Spoyzour 9AI}PeUI}e Aq OBIVYOSIP SAIS (JJ) PUB (QT) “*SJOO— ALON 


008‘ 21z pence eee €1-¢9 000‘2ZI 000‘Fe 00¢‘¢z 001 ‘Z0z sete nee ee 00F‘e ae eee NO ie ae eae tae “$261 AON 
00F Sez sete ewes 1Z:99 000‘6I 000‘ IF 00¢‘ ee 008‘ cIz see ee scene 001+ es Ce ie Ci eee Ce is Cee een CeCe a ae aire irae aaa “9261 “4dog 
000‘Z2z eee eens 69-¢9 00F ‘OT 00s ‘Te 000‘¥zZ 00¢‘30z tee eee enee OO (Cami (POTOSI CAS FSO RS OSI | CORIO CI BC CUR ae “261 “400 


000 ‘gs 006'3F | 66-12 OOS‘SEt | 000°TZZ | 000‘ZET | 00E‘8L% | 009‘Ez 002 ‘TZ O61 ‘FE BE ‘6 OGL €T 010'9 016 ‘> 0L8‘8 O8T‘T “616T oun T 
OSL ‘OIF OFT'86E | SF-TL 000‘TZI | 000°SZZ | O0O'TZT | 006‘89¢ | OFZ‘Sz 0$8°0Z 022° GPE ‘6 009 OT 062 F 06 F 088 ‘st O1T‘ “616. ABW 


—_— | | | _./ |/ | | | J | |_| |, | J | 


LT 9T cT tI €T rae II or 6 8 L 9 ¢ v € 4 T 
s 4 iw i 4 8 = Es wn ‘ 
oe ao 8 og ¢ 5 8 2 oe og S a] ae = Se ae rat 
ry SE, & PS 5 - me ars 2s. es & Us Ug. Yg Oe SF 
Sp a 5 s: 4 to : S: 2 4 2.2, Pe 2 @ ct 
ee ey eae (ee E is eFe| ma| © oe eee ee ee ey 
2 a8 3 g ef ie) BS : 6 = wo oq = WS a i 
Ee aee | @ 1 Sr | F |} sees ie fee ee es ee ee ene ete ee te Fe 
- in — w fo} K ~ a 2 
=O +a 5 ue le & Ee Bs mre. oe ® 08 “< ae a “3 cee 
i ee ig S of oS 2308) ® x2 eS. ee a iar o18q 
by : 2 On Sy ® op S! = S a 
| @ a ia Sr mn iS S 
= s eS ‘ail & n R n nm 
& Sie 9 are Ss 5s 5 S s 
Se | ae se 7 — = 
01 OF SSE 
2) fae 1 
a | PS) 


papnjyauoj—HLVd OL 4061 GOIMAd ‘ADAVD ANIHOVT ‘$ MOOT YOd NOILVIGU ADVLS AODUVHOSIG AO NOILVAINAA ONIMOHS—T ‘ON WIdaVL 


St. Lawrence Waterway Project 401 


TABLE NO. 2.-SHOWING DERIVATION OF DISCHARGE STAGE RELATION FOR LOCK 
5, LACHINE GAUGE. PERIOD 1860-1877 


Allowance 
for 
Discharge Drainage 
at Ste. Area Total Water 
Annes and | Discharge } Discharge | between Discharge Surface 
Date Vaudreuil Coteau Richelieu Coteau at Lock 5, | Elevation 
into Lake Landing River Landing Lachine | at Lock 5, 
St. Louis and Lock 5.} Cols. (2) Lachine 
1,300 x +(3)+(d) 
Col 
8,200 (4) 
1 2 3 4 5 6 7 
Sepe. o6) 18725 wes 6521 a 10,000 239,700 19, 500 3,300 253,000 65-90 
june. <4 [Sie wee 6. ode 151,700 292,000 26,000 4,400 448, 100 71-67 
Sept. 2, 1Siismy awe .. ...04 10,000 270,400 11,200 1,900 282, 300 67-27 
Ochre cls [Siaer eee... 37,000 267,000 14, 200 2,500 306, 500 67-49 
June, il) [8f4te eg. cS ae 121,000 298, 000 27,100 4,800 423,800 71-07 
Masi Lie 18/6 een... tae 212,700 323,000 37, 600 6, 300 542,000 73°74 
Mass 26° Site pre: .4. 43 42,000 270, 300 13,200 2,300 314, 600 68-72 
Octs, 26) 18ilme ness. igs 10, 200 233, 300 4,100 800 244, 300 66-15 


TABLE NO. 3.—SHOWING DERIVATION OF DISCHARGE—STAGE RELATION FOR LOCK 
NO. 1. LACHINE 


W.L. at Upper St. ANNES BETWEEN 69-6 AND 70-0 


Pt. Claire | Pt. Claire Lock 1 


Date Gauge Discharge Gauge 
1 2 & 4 
Cte 21-22) 1O28M en ct eee ec ara ad cod add cae caatadnaetaaes 66-73 217,900 18-01 
DWOPt Lolo WwVO 22 Me. hime tee «cine cts Saddle occas Meade Satale eo Rel diel 67-93 252,000 19-68 
Sept. 29-30, 1922........... YE aise oO ANE OR TRESS Nl SEAT ANE 67-72 245,800 19-31 
Octane — 4 a2 Bee on RE ng dado Maa a aces Avala dete 67-65 243, 400 19-16 
OCteeS LEN Ogee, nk OME NE coe as chided hetctd ded goaded edie 67-61 242,500 19-10 
CE GU OUD tat alc ck wee eee cic vehe A aed timed cnt mee ake 67-30 233, 500 18-73 
EN VTS PO Ue 8 OO ac. cia eioh htaral otal ate stat oteltalotatet laterstel ls! tee 67-99 253,400 19-75 
CA en Sh O Otel DON R 5 oh Oe Oe wars, « winter Hah sotet shell tah Behar ctcteteethatovatal ols 67-71 245, 500 19-09 
SOD om 20-20 te ODO a ace asl ae atte eyo aie nipai taal este Adlets 67-56 241,000 18-94 
OCte S104 M920. RE acc. decdae ficdaddede adem oaceed ay 67-56 241,000 19-13 


W.L. av Upper St. ANNES BETWEEN 70:0 AND 70-4 


SP Urea Or OLA ttre eee rate wire oclstere iaretiereyattte ote evatorere) eferctee? 67-83 249,000 19-59 
5 66-94 223,500 18-34 
66-75 218,200 18-28 
66-73 217,200 18-01 
68-45 267, 500 20-27 
68-33 264,000 20-19 
68-05 255, 800 19-96 
68-08 256, 800 19-79 
67-94 252,200 19-69 
67-88 250, 200 19-60 
67-70 245,000 19-42 
67-62 243,000 19-14 
67-22 231,200 18-74 
67-25 232,000 18-76 
68-26 261,900 19-96 
68-25 267,500 19-91 
68-23 260, 800 19-381 
68-16 258,900 19-87 
67-57 241,300 |, 19-56 
67-10 228,000 18 -.63 
67-79 247,600 19-42 
67-66 244,000 19-29 
67-70 245,000 19-35 
67-70 245,000 19-24 
67-82 248 , 800 19-91 
67-78 247, 600 19-39 
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FABLE NO. 3.—-SHOWING DERIVATION OF DISCHARGE—Continued 
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W.L. ar Uprer Sr. ANNES BETWEEN 70-4 AND 70:8 


Pt. Claire | Pt. Claire Lock 
Date Gauge Discharge Gauge 
1 2 3 4 
AGeI23-25,) 1924 eee oe Spt a arts ET AORTIC ION CICERO AG ones Siti 68-03 255,000 19-95 
PRY eaeeahy Ui ol 77: La 9d baa lar ac rere pate mores iid nyest CREAR CERO hac 68-11 257,100 19-99 
Sept 12, P24 ec rclnvc tities ue are tcc: ates acai aN Me Tobe ek oreae one stees 67-81 248, 300 20-18 
Alloa, O—"8,) 1928 8 sates My Nertrattre tense state war al roe as ateneyelamscsuale rave siabeke aiotet 67-68 244, 600 19:30 
ATES O=1 TT OZone are ree cies Cageners sie'ebire aestereete oeemierer © ese ceisiemen sheee 67-57 241,300 19-11 
Pew chs: i UD eee Tea IE ORG SG a Tia le oa MOM clencidly a His Mats 67-57 241,300 19-25 
Sept. HL O28 eras ce Mate cures Sie a ibois ca creche Meee tberaicter era are a state 67-46 238,000 19-15 
S12) OL He Ce seed Ft el Fs ne aT UO RPE RIIE, CCT BR BUR ty atari Re SIORCI oy veces Guert 67-36 235, 200 18-91 
Oct. AF TG28 Nii 2 lok Meme Ake LU fete en aen Ui aS Are RS ORES AS te a 67-09 227,500 18-72 
INOwar 4) TOQS ORR, Lb shee eee cia) bl A RC ate Ae «ate 66-90 222,200 18-48 
Nowa, B= 7 pi 1G 23 sete} A didn Rie na Peel cog th Rm PO 66-89 222,000 18-54 
Nov TG TODS Re ye oh MMAR he oe.) ean A ea) a OY 66-72 217,500 18-39 
Aug Bt TOZZ Mee sehr: ami oken = ait et ee nent ans ceere Meet Cement ay Byeae 68-56 271,000 20-66 
Sunes 28-299, TOD ee WO ey cous, och acece eaten caeeat Ta ee ye ee niet on 68-54 270,400 20-46 
VULNS POST R y , U Me Ae 0 ee, Se ca ER ee in A ae 68-41 266, 300 20-24 
Wulys WB=15," LOWUE I, cd Be oc acls nicks Oe hoo Re Men kocsis eae 68-34 264, 200 20-20 
Oe 26-29 TOOT tk uh Sie ok ae) re ee 67-31 234,000 19-20 
Auger 22-23 19020) e cic mcr e te meee oie tee ee RG Aro ROD Coe 67-79 247,700 19-46 
Ate Ai272289 W920 A FOt ah OED AT oe ee ed ee oaths 67-67 244,100 19-25 
Nov Digs O20 crsratardestoviers cite eet a Scot rR TAT RIG hate et 67-73 246, 200 19-49 
W.L. at Upper Str. AnNrs Between 70-8 AND 71-2 

AASHTO ODA cae: ace vaheat to tevcacy ove cts sven te scic eroesiocesy kant EW 68-22 260,300 20-42 
Auge AT-13 $1004 6 aie cee eet oe ane Mat oe nd eee 68-32 263, 500 20-47 
Septn 22-a4) LOA we. so o6 UR AN ccs ie eae lay Ree! weenie, CE 67-92 251,400 19-93 
Setp D7 DOE Nee SE ee iat i Al ho eames lane Wein dae s 67-61 242,200 19-55 
Duly 24-26, 1923 ois) a2 cee ee ns ne eee eee Ce Ee enters 67-93 252,000 |. 19-85 
Sete Usa 1OLe TOV Saks ce eo Pe Beas wate eek Ate cue i 67-40 236, 300 19-24 
Sept yy Ge Pea SPR Ses banc oa IEEE ean CO mote eS SUR ae 67-16 229, 300 18-98 
Dulye ViV=19 1 1022 eae so Ae cs her oe beeen chem mes Ate tn: 68-98 284,000 20-98 
Duly 2! 20-210 1922 ya ae hie ee Wis tas de ce atta roca tsictre Mes tert 68-98 284,000 21-03 
July Ol AUS eo 1922.5. RNa ea) pene tierce mee Oi ee iC Rn ee 68:65 273,900 20-86 
ELAS NaTSSTAgey WC Eee) A eye RO Pay ee CO" a Oe I FG Ml aR A aba ae Jee 68-77 277,500 21-02 
PT a a hr 7 | ee rate trate taba var arma elect soschcaeciC HRP MERE CRS CRS TESS 68-16 258, 300 20-29 
Auge 1 :6—'9,) 1920 ccc pind echt pres es ee et eR ae 68-02 254, 400 19-84 
Auge 0-32: 1920) ideas. hee peas eo eI OR ec oe 68-03 255,000 19-85 
270,200 20-83 

260, 200 21-00 

257, 500 20-05 

300,900 22-39 

282,500 21-06 

282,500 21-25 

260, 200 20-32 

259,000 20-10 

257,800 20-12 

262,800 20-41 

: 300,000 21-64 

Oct = Ss TOTO RAE oe PRS Or AS Pe eS cl as oe be ee ene 68-85 280,000 21-12 
JOH SOS U1 TOUS Aaa i tN ee ete ee eRe 9 ee A 69-05 286, 800 21-49 
eX Te A) Eom Eksp | De RRND NT SN ie we A a 68-75 276,800 20-97 
Septy 1: s0-Oct da 1018 3: ot eV ie OU ane Mee we ee 68-64 273, 500 20-99 
Wud 27-314 TOUT RRS ocd ANE SR oR, OB Re cae cay esa ae 69-28 293, 600 21-60 
SOpte G11) VON Why ek I. ht es ie ee ee eae 68-90 281,800 20-97 
INOW B'S LOU ie, See fA Re i ae ee ee | a 69-09 287,400 21-82 
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TABLE No. 3.—SHOWING DERIVATION OF DISCHARGE—Concluded 


W.L. av Urrer St. ANNES BETWEEN 71-6 AND 72-0 


Date Pt. Claire | Pt. Claire Lock 1 
Gauge Discharge Guage 
1 2 3 4 
July 1 NP er RA hie Net pari neem nie Ene ahs a RN tee a 68-70 275, 400 21-09 
JO Yael 2 bee LODE eas ee pee eet oe ELE te ot omemere 68-61 272, 600 20-73 
Oct. yp Die meee tere Pea Sith eraiterd es ameter chars Mee ds crema eras Y 68-76 277,000 22-16 
OCame se LOMO ZA ree ren, ce Sh Bees at A Rea era di at Beene ie Beat IY, 68-40 266,000 21-385 
JULV aL O-losmLOlOueRn mane cece Lome ake cite cated cncioaiiae: 68-40 266,000 20-49 
June Pa TU Pan ier es ind 3 reelected ais 5,010 CUR MR Act A area or 69-42 298, 200 22-64 
July beet a Slane A a ia eA ait aes OE La nr ae 69-55 302, 600 22-72 
June Pee 102 Tee ein a ce alee eke bee he clove oh mes ie Wve Shere artes 69:07 287,000 21-34 
June MMOL ZO mete se ate ies shore acs. ces ha) oraherany werrntne abate miMereNasshare nel ears 68-42 266,800 20-72 
NT ee eae BUR ee ara a RICE OI Aare IRIIEICT CTU R TOI ISIC Ie a PIC 69-80 311,000 22-06 
Ores Sire beh a A SA es chan Nem ey SA Gis Oc an Ota D DERI ME t ein o Ole 68-86 280, 200 21-28 
OCR Oo LOU OFE So emt Setanta wer, ee et Re ae Nee 68-73 276,200 20-94 
INOVAPLG= Tm LOL OM ane ce cee oe cee ee ee Cee any, aie settee ot 68-94 283, 000 21-35 
JULVaROUrolme LOL Siam ciate nee acta i ee en eile atime ian aA cerine ra» 69-05 286, 700 21-50 
OCGA 2a UB BELO LS oe sciepesstsverayan Nabavararevettoreuekoeroeowunerane tatakavewsbetoneranarglataiatumnencboht 69-00 285,000 21-66 
OcbeIG 18 101 Se. a reiterate inne te ue ot desi deat pe elena ee 68-72 276,000 21-28 
Aug. Ge LOLITAS Me. saree ee ie aac aah eerie kre ees ee Vit SiS 69-52 301, 900 22-10 
AU LHRZD S28 iy DOL Tie ve wearers a 5% SN Ie IN Is aT Slo Be TOE 69-32 295,000 21-69 
SUL veers lao eek Ol Or eeren ee hc eee Oe hits nic Matte tote rate Reis Bol Srera 69-69 307,000 22-32 
Agmrevsy: RUSSIAS Sa RON WSs Set cies, otek alter RACRe Oke cea LR RRO Saat CIE Mae 68-06 256, 100 20-11 
SOUT ae 2 cae 1 OL Fy eas east te versace tou nek owe eau Na lob s ens Lessee WA evste Ao cectste Shea 1a 68-04 255,800 20-31 
JUNG Mo—2OKe LOLS en Se tee etoile trees ie ates. ee ic Rees alo cin americas 67-98 253, 100 20-41 
LETT ee AGES INT RO IS INE RCN A a ES FO ae i tea ee nae ai gee ner Ai 67-94 252,400 19-93 


W.L. ar Urrer St. ANNES BerweEEn 72-4 AND 72-8 


68-96 283,200 21-73 
69-44 298,700 22-05 
69-53 301,900 22-03 
69-42 298, 300 21-88 
70-05 320, 000 22-80 
69-65 305, 800 22-44 
70-08 320, 700 23-00 
70-17 363, 600 23-20 
68-21 260, 100 20-59 
69:77 310, 000 23-06 
70-17 324, 000 23-30 
69-49 300, 200 22-95 
70-80 346, 000 23-86 
70-46 334, 000 23-29 
70-89 349, 000 24-45 


W.L. at Uprer St. ANNES BETWEEN 74-8 AND 75-2 


May Dd DASH, a ee lateh aaa rote terete const etd olerctay etuved st foiche cttispelaie’«/Tueteisnn it Aen 70-34 330,000 24-67 


NINE PRES BPP tomo tc Oo sono cs DOCODE ULL ODS GOOUNA DD EAE CT: TAOGm 70-76 344, 800 24-40 
Aprile sO ye 2, LOLS emia ctecreicteots «isissyeherats sloistsucte egy siave'e te odaunde nee. 70-80 346,000 25°12 
WER? GSS, SW onednc dogncaas bow doboto do obuncooctamonn cae OHe ors 70-63 340,000 24-81 
May moO sole NOTE = os atti teres forsee cP ctsete ateietsrafetasacteteieis\+. sea etmuatesste. © 70-44 332,700 24-07 
UY is 2a UW eo io Bodtc bop Ue coc OMDURCnOUISD AAGRnean Sprittcc. re 70-64 340, 800 24-04 
AG TE el MDI. See. oc orion d Soto Enaonh HOON TEC abEh beck € 71-40 368-000 25-58 
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APPENDIX E 
ICE FORMATION ON THE ST. LAWRENCE AND OTHER RIVERS 


1. When the problem of preparing plans for the improvement of the St. 
Lawrence river was first undertaken, particularly by the Canadian Government, 
about ten years ago, there was a great deficiency of basic data on which to pre- 
dicate designs. Since that time systematic surveys have been made of ice covers, 
packs and gorges, as they occur, and as a result of these, much exact knowledge 
is now available. This data is presented in summary in this appendix. 


2. Ick Pressure. In northern latitudes a solid covering of ice forms on quiet 
river and lake surfaces in winter. This melts away with the advent of warm 
weather. The thickness of ice cover varies with the coldness of the climate. A 
thickness of about 2.5 feet is found in latitude 45 and 5.5 feet in latitude 57 in 
the eastern half of North America. Sheet ice as formed on lakes and rivers is 
made up of great numbers of crystals standing with axes vertical and closely 
packed side by side. As the air with which ice is in contact changes in temper- 
ature from day to day, the temperature of ice on rivers and lakes changes also. 
In cases where the ice surface is free from snow, the amplitude of this change 
at mid depth is about one-half that of the air so long as the temperature of the 
air is below freezing. If an ice sheet is covered with snow this change in ampli- 
tude is less than one-half that of the air. 

3. As ice heats and cools it expands and contracts. Daily expansion and 
contraction of ice sheets is noticeable on lakes and rivers in northern regions. 
In some cases cracks have been observed to open or close as much as ten feet in 
a period of several days and these usually occur in the same places year after 
year. 

4. The poet cic of free unrestrained expansion of ice is given by many 
authorities as about .00004 per degree Fahrenheit change in ice temperature per 
unit of length. On this basis a sheet of ice one mile long, with a temperature 
change of 5 degrees, would expand or contract to the extent of one foot. Actually, 
movements of two feet per mile have been observed at free ends of ice skeets on 
large lakes and rivers during extreme changes of weather. On small lakes and 
rivers, the movement of the ice is believed to be restrained by the shores at least 
to a sufficient extent to prevent it being much noticed. 

5. There are records of failure of some light dams and structures which 
were due to ice action but the fact that dams of dimensions not sufficient to resist 
theoretical ice action are in place, proves that the full crushing strength of ice 
is not applied to them. 

6. In order to set up a more definite value for probable ice pressure on dams, 
a series of tests were carried out by Professor Ernest Brown of McGill University 
and the engineering staff of the Department of Railways and Canals in the winter 
of 1925-26. These show that sheets of ice flow or slowly change their shape as 
soon as subjected to pressures in excess of about 100 pounds per square inch. A 
vey report giving details of tests made in this connection is given in appendix 


7. In view of the foregoing, the Board has reached the conclusion that ice 
pressure will not exceed 22,000 pounds per linear foot on the upstream side of 
dams under weather conditions to be expected in the St. Lawrence region. 
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8. Ice ForMaTION IN Rapip Water. As is well known, the precipitous rapids 
of northern rivers remain open in winter and solid smooth ice covers form on 
the gently flowing sections; thus, open and closed conditions alternate with one 
another. The laws or conditions governing the location of the boundaries between 
an open and closed surface are not well known. Observations of the behaviour 
of rapids and open stretches of river show that they are subjected to much cooling 
in winter, but they do not freeze over because the ice crystals formed in pre- 
serving the heat equilibrium, attach themselves to the bottom or are carried off 
by the turbulent water before they have time to connect to one another or bridge 
the stream. As the water with its burden of ice moves downstream it ultimately 
reaches a river or lake expansion where its velocity and turbulence moderate and 
where the ice and slush move quietly on its surface. Under these conditions ice 
bridges form across the river or lake and then the pack, as it is called, advances 
upstream until it reaches a point where the velocity becomes so great that ice is 
carried under the surface of the pack and is deposited there in the form of a 
“hanging dam”, These hanging dams continue to increase in length as long as 
the temperature of the air is below about 20 degrees Fahrenheit, or while snow is 
falling and as long as large open surfaces remain in the river above. As soon, 
however, as the temperature of the air rises above 20 degrees Fahrenheit or the 
area of the water surface exposed above reduces in size, the length and steepness 
of the water slope through these dams becomes less, and in the warm weather 
of approaching spring the jam melts away. The formation of an ice cover on a 
stream acts as a blanket and prevents the formation of frazil in the water 
beneath. 

9. Sometimes ice gorges cause the inundation of large areas above them as 
in the vicinity of Montreal and sometimes they greatly reduce the flow of water 
as in the St. Clair river. 


10. Errecr on Power Improvement. In the improvement of northern 
rivers for power it is usually possible to establish water surface levels high enough 
to secure low velocities and eliminate or reduce to small proportions all water 
surface areas remaining open in winter. This opportunity is generally available 
because most rivers have deep wide valleys with small winter flows compared 
with those of summer. 

11. Much difficulty is found in reducing open water areas on the St. Law- 
rence river to small proportions. The river carries a large winter flow which 
must be maintained, the river valley is relatively narrow and the water level 
at the head of the rapids sections cannot be raised on account of property values 
involved in flooding. 

12. As a consequence of this situation a number of investigations were made 
to determine the facts with regard to the following matters:— ’ 

(a) Conditions under which smooth ice covers, ice packed covers, and 

hanging dams may be expected to form. 

(b) The amount of ice formed by a given open water exposure in a given 

locality. 

(c) The loss in head due to ice covers and packs of various kinds, or the 

effect of such packs on the flow of water under them. 


13. Factors Arrectine Ick Covers. Whether an ice cover forms or does 
not form across a river depends upon the temperature of the air, the temperature 
of the water, the velocity of the wind, and the velocity and turbulence of the 
water. 

14. Actual observations at a number of points on the St. Lawrence show 
little variation in what takes place at a given point from year to year. For 
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instance, an ice cover always forms on lake St. Louis at a point where the 
average velocity is about one foot per second and gradually makes downstream 
to a point where the average velocity is close to two feet per second. An ice 
cover forms at the lower end of lake St. Peter at a point where the average 
velocity is from 1.0 to 1.25 feet per second. At the foot of Vercheres Island 
where the average velocity of the water is about 1.4 feet per second, ice covers 
do not form unti! the ice pack reaches this point from below. At other points 
on the river, such as the sections at Croil island, Cat island and at Drummond 
island, ice covers do form at from 1.30 to 1.40 feet per second, under extremely 
cold weather conditions. After an ice cover has started in quiet water near 
shore it will extend into swifter water. The actual surface velocities along the 
edge of an ice sheet have been observed ‘to be as high as 2.5 feet per second. 

15. The term “average velocity” as herein used is the velocity determined 
by dividing the river discharge by the area of the cross section at the water 
level. The term “surface velocity”, where used, is the observed velocity deter- 
mined by surface floats. The surface velocity at a section may be as much as 
50 per cent in excess of the average velocity. 

16. It is not probable that an ice cover would always form on a section of 
the St. Lawrence early in winter unless provision is made for reduction of the 
average velocity in the section to about 1.25 feet per second. 

17. After ice covers are formed and attain some thickness it is found that 
average velocities can be increased up to 2.5 feet per second without danger of 
breaking up the ice sheet. This is current practice in the operation of power 
canals in the St. Lawrence district. . 

18. Near the immediate outlet of large lake expansions and in some rivers 
in Ontario large openings or air holes are sometimes found where the velocity is 
below one foot per second. This phenomenon is apparently caused by heat 
accumulated remaining in the water underneath the ice. Not many cases oi 
this are found in the St. Lawrence where the velocity is so low, but the 
phenomenon is noticeable at the outlet of Rice lake on the River Trent and in 
other places. 

19. In stretches of river where average velocities exceed 1.40 feet per 
second, ice covers will not form from shore to shore but after a bridge is formed 
below, ice and slush will pack upstream against an average velocity up to 2.25 
feet per second without the floating slush or crystals being carried underneath 
the advancing ice bridge. This fact permits channels of reasonable size to be 
used for power works in northern latitudes, and is of economic importance in 
reducing the cost of improving rivers to obtain the power available in them. 

20. The formation of the ice pack which forms each winter at the foot of 
lake St. Peter and gradually builds up to Montreal has been watched for many 
years, because it furnishes information of special value in connection with ice 
packs. Gauges were established in this stretch of river twelve years ago and 
water level records are available which show the change in slope which occurs 
in this reach as the ice pack advances from day to day. 

21. From the above records and direct observations, the conditions under 
which the ice pack failed to advance have been clearly defined. If slush or 
frazil is carried underneath an ice bridge and is deposited in the form of a 
hanging dam its presence is reflected in steep slopes which continue throughout 
the winter. If the ice bridge advances without slush or frazil being carried 
underneath the cover, the section will not show any slush in place and surface 
slopes in succeeding winters will be moderate and uniform. . 

22. The observed data are shown on table No. 1. This table shows that 
frazil is likely to be carried under the ice cover and deposited if the average 
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velocity exceeds 2.25 feet per second, but is not ordinarily carried under unless 
the velocity exceeds that figure. The section chosen at Lanoraie is one in which 
the conditions are as adverse as can be expected anywhere. 


23. On account of the need for reliable information on this matter an 
effort has been made to obtain corroborative data in other parts of the river. 
This search has only been partly successful as no other section is available which 
is naturally suited to furnishing such information. In the International Section 
of the St. Lawrence river and on the Niagara river, records show ice packs 
advancing upstream under velocities which may vary from 2.4 to 3.2 feet per 
second depending upon the temperature of the air and the amount of frazil and 
slush ice carried in the water (table 2). These velocities may also depend 
to some extent on the crookedness of the river as records in general show higher 
velocities at the head of advancing packs in the International Section than in 
the St. Lawrence below Montreal. Records also show the average velocity 
of the water at the point where deposits of frazil and slush cease at the lower 
ends of hanging dams to be about 2 feet per second. It is probable that some 
ice is generally carried under sections when the ice pack is advancing, but 
obviously the point where it would cease to be carried under is near at hand else 
the pack would not advance. Again, the fact that water does not carry ice 
under a cover at a velocity less than 2 feet per second suggests that velocities 
of less than 2.25 feet per second would not cause it to submerge. Records of 
receding ice jam is during the breakup period (table 3) indicate that the average 
velocity of the water at the head of the jam in these cases varies from 2.2 to 
2.5 feet per second. 


24. The deduction made from this information is that an average velocity 
of less than 2.25 feet per second must be provided to ensure an unobstructed 
section, especially in mild weather immediately following cold periods. 


25. LimiriInc VELOocITInS FOR ADVANCE OF Ice Packs. In the improvement. 
of the St. Lawrence it is important to define conditions under which a stretch 
of river will remain open and free from ice covers of all kinds. River channels 
were cross-sectioned in winter and re-cross-sectioned in summer; flows were 
metered in winter and in summer, and every effort was made to ascertain the 
truth in each case which appeared to furnish typical information. <A variatior. 
is found in the velocity and temperature required to produce a bridge in different 
sections of the river. This is shown by table 2. 

26. An examination of data accumulated shows that with velocities between 
2.7 and 3.3 feet per second ice covers, if formed, will go and come with changes 
of weather but, with velocities in excess of about 3.3 feet per second, surfaces 
will generally remain open under all winter conditions on the St. Lawrence. 


27. Rates or Icr Propuction. In addition to determining the water 
velocity conditions under which ice covers and packs of various kinds are 
formed, the volume of ice in the form of frazil made by a given exposure to cold 
is important because it is not always possible to arrange for the whole of a 
river to be ice covered. Two methods for determining this volume are avail- 
able. 

28. The actual contents of hanging dams in lake St. Louis, lake St. Francis, 
and above Croil island have been measured by cross-sections under the ice at 
these points. The measurements made when related to the water surface exposed 
show the production of from 8 to 15 cubic feet of ice per square foot of exposure. 
These variations depend. upon the place of measurement and the coldness of the 
winter in the year in question. 
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29. Another method of arriving at the volume of ice formed is by the estab- 
lishment of the rate at which a water surface loses heat previous to its being 
cooled down to the freezing point in the fall of each year and the application 
of the rate found to later exposures. The temperature of both air and water 
was recorded at Kingston, Brockville, Drummond Island, Dickinson’s Landing, 
Cornwall, Hamilton island and Coteau, for periods of about two months previous 
to the actual formation of ice in the years 1924 and 1925. 

30. By relating heat losses to differences in temperature found between air 
and water, the rate of transfer of heat between surfaces was established with a 
fair degree of accuracy. An examination of the statement attached (table 10) 
shows that this rate may be taken at about 95 British Thermal Units trans- 
ferred per day per square foot per degree difference in temperature between air 
and water, and is independent of the character of the river sections in question. 
That is, the surface of rapids, the surface of lakes and the surface of smooth 
‘ sections of river all give about the same cooling coefficient or rate of heat 
transfer. 

31. As shown from an inspection of diagrams which have been prepared, 
the coefficient derived from these measurements is affected in some degree by 
snowfall, rainfall and wind. A correction for the effect of snowfall and rainfall 
has been made in the results given but the effect of wind cannot easily. be taken 
into account. As its effect is small compared to the general difference in tem- 
perature between air and water it may be disregarded in the use of this data. 

32. As one pound of ice is formed by water at 32° Fahr. giving up 144 
British Thermal Units, the total amount of ice formed by a given length of the 
river in a given time can be approximately determined from temperature records. 
During the winter of 1924-25, for a period of 80 days the average temperature 
of the air in the vicinity of Montreal was 17-6° Fahr. below the freezing point, 
making an aggregate of 1,410 degree days. Taking the cooling coefficient of 
95 British Thermal Units per degree day given in paragraph 30, it will be found 
that this exposure accounts for 16-3 cubic feet of ice per square foot of surface. 
Actually, 14-4 cubic feet of slush per square foot of surface exposed was found 
by measurement under the solid ice cover at the head of lake St. Louis at the 
end of that winter, as shown on table 4. Similarly, in the year 1923 the water 
surface area exposed in the vicinity of Ogdensburg was subjected to 1,246 degree 
days of freezing which should form theoretically 14-2 cubic feet per square foot 
of surface exposed. Cross-section measurements made at the head of lake 
St. Francis show a deposit of 13-0 cubic feet per square foot of surface exposed 
between lake St. Francis and Ogdensburg. Other measurements in other years 
indicate similar relations, as shown on table 4. 

33. An approximation of the volume of ice formed by a given exposure can 
also be made from the rate at which ice packs make upstream from Lanoraie 
to Longue Pointe below Montreal in zero weather. If cold weather comes on 
gradually in winter lake St. Peter freezes over a few days before lake St. Louis 
or lake St. Francis and the area of water at the freezing point can be approxi- 
mated from temperature measurements at a number of points in this section of 
the river. 

34. In the year 1925-26 specially good means were provided for estimating 
the area forming ice because lake St. Francis in that year froze three days before 
lake St. Louis, and lake St. Louis was open while the pack advanced from 
Lanoraie to Longue Pointe. In that year the temperature of the water coming 
down the river reached the freezing point at Cedars about the time the ice pack 
reached Sorel coming up, but a high west wind kept lake St. Louis open while 
the pack advanced up stream to Vicker’s dry-dock, just below Montreal. The 
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actual travel of the pack upstream during the two days with 27 degrees of 
freezing was fifteen miles. With ice taken as fifteen inches thick 25,500,000 
cubic yards would be formed or accumulated in one day in this section of the 
river. This gives about the same volume as is derived by the use of 95 as the 
cooling coefficient and 77 square miles as the area of surface exposed at that 
time. 

35. An inspection of tables No. 5 and 6 indicates that the degree days of 
freezing to which water surfaces are exposed in the vicinity of Kingston, after 
they reach a freezing temperature, is only about 80 per cent, and at Ogdensburg 
90 per cent of that to which similar areas are exposed at Montreal. This differ- 
ence is due to the moderating influence of lake Ontario on the temperatures of 
both air and water in the upper river as well as to differences in latitude. 

36. The general seasonal variations in temperature of the air and water 
all along the St. Lawrence from lake Ontario to Montreal are shown in a number 
of diagrams which are attached to this Appendix (plates 1 and 2). These show 
the manner in which the great volume of water held in lake Ontario lengthens 
the season of open water to a decreasing extent all the way down the river from 
Kingston to Montreal. On account of the proximity of lake Ontario water, 
temperatures opposite Kingston at the beginning of winter are still 9 degrees 
above the freezing point when the inflow from the Ottawa river at the head of 
lake St. Louis reaches the freezing point. The temperature of the water at 
Kingston is generally about § degrees above the freezing point when the water 
at the foot of lake St. Peter, 65 miles below Montreal, reaches the freezing point. 
Usually ice begins to form opposite Kingston at the head of the St. Lawrence 
about sixteen days after the ice begins to form on lake St. Peter below Montreal 
and almost a month after ice begins to form on lake of Two Mountains at the 
outlet of the Ottawa river. ; 

37. Early in the spring of the year, warmer water from the depths of lake 
Ontario makes itself felt and ice generally disappears in the stretch of river 
above Ogdensburg about two weeks before a through channel is available at 
the head of lake St. Louis and lake St. Peter. However, as soon as lake St. 
Louis and lake St. Peter are clear of ice the temperature of the water at these 
points rises rapidly and is soon found to be higher than that flowing out of lake 
Ontario. Throughout the early summer months the temperature of the water 
downstream from lake Ontario is tolerably uniform at all points. 

38. As a consequence of the above conditions the winter or ice-covered 
period in the St. Lawrence at the head of the International section is about one 
month shorter than that of the river in the vicinity of Montreal. 

39. In addition to considering the amount of frazil created by a given. 
exposure, consideration should be given to the fact that water which flows for 
any great length of time underneath an ice cover, even in winter, accumulates a 
certain amount of heat from some source. Temperature measurements of the 
water at the foot of lake St. Francis and at the foot of Bergan lake show that 
the water flowing out of these ice-covered sections is about 0-03 of a degree 
warmer than freezing throughout the whole winter period from the time the ice 
is formed until soft slush makes its appearance on the surface of the ice in 
March. Measurements also show the temperature of the water under the ice 
is about 0-16 of a degree warmer than freezing opposite Clayton and 0-08 of a 
degree warmer than freezing at Prescott during the coldest part of the winter. 
This heat has an important bearing on the design of works, especially at Galop 
rapids. If the flow of the river in winter be taken at 200,000 cfs. and the 
average temperature of the weather as 20 degrees below freezing, it will require 
an exposure of 45,000,000 square feet to cool the water to the freezing point. 
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This means that three miles of open water may exist at this point and yet no 
frazil on the average accumulate, as cold weather is always succeeded by warmer 
spells and the average temperature for winter months seldom falls below -+-12° 
Fahrenheit. 


40. Storrs THROUGH IcE CoverED SecTions. Gauge relations show that 
even the smoothest forms of ice covers impose resistance to the flow of water 
in the sections which they cover. This is easily seen by comparison of summer 
and winter slopes between Summerstown and Coteau, on lake St. Francis, 
Ottawa and Grenville, on the Ottawa river, Peterborough and Hastings, on the 
Trent, and the slopes in certain canals where the discharge is known. 


41. The data gathered with regard to the resistance of this form of ice 
cover indicate that it is comparable to the resistance of concrete surfaces. In 
canals where a value of ‘“M” in Bazin formula, of 4.0 satisfied summer condi- 
tions a value of 2.3 will satisfy winter conditions, the ice cover being taken as 
part of the wetted perimeter. A value of “M”=1.0 averaged with the value 
established for open water conditions will give its value close enough for prac- 
tical purposes. 

42. The resistance to flow caused by an ice cover formed by the accumula- 
tion of slush and frazil at the head of an advancing ice bridge is of great import- 
ance in the design of the St. Lawrence Project, and elaborate arrangements 
were made to establish values for this form of resistance. 

43. Special gauges were established at Varennes, Repentigny and Lavaltrie 
on the St. Lawrence river below Montreal. These were read winter and summer 
for two years and slopes were related to discharges derived from gauges farther 
up river. Through this section of the river no deposits of frazil are found and 
average summer velocities vary from 2 to 2.6 feet per second while winter 
velocities vary from 1.3 to 1.6 feet per second, depending upon the state and dis- 
charge of the river. From these relations and actual cross-sections of the river 
made winter and summer, values of “M” in the Bazin formula were obtained. 
These are shown on table No. 7. 

44. Gauge readings between Lanoraie and Sorel and discharge relations were 
also used to determine values for these years in which it was apparent no frazil 
or slush was carried into the section (table 8). The values obtained in this 
way check closely with those obtained in the section first described. In this 
reach velocities vary from 2 to 3.4 feet per second in summer, to 1.6 to 2 feet . 
per second in winter, 

45. The data above described indicate that winter slopes on the St. Law- 
rence river may safely be figured with a value of “M” in the Bazin formula 
taken as the average between that applicable to summer conditions and 5.5 
for January and 4.5 for February and March. All the values of “M” derived 
from gauge readings show a gradual smoothing of the ice cover as the season 
advances from the time it is first formed until it begins to melt out in the 
month of March. 

46. The foregoing results apply to ice covers when formed as a packed 
surface without hanging deposits. The slopes occurring when all kinds of ice 
are carried underneath the section and lodged in the form of hanging dams, 


jams or gorges require consideration. 

47. A number of ice jams or gorges occur on the St, Lawrence each winter. 
One of these is at the head of lake St. Francis; one is at the head of lake St. 
Louis; and one is opposite the city of Montreal between the foot of Lachine 
rapids and Longue Pointe. In addition to these, occasional jams occur between 
Morrisburg and Croil island and in the Niagara river. 
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48. The gorge at the head of lake St. Francis has been watched with care 
for a number of years and slopes obtained in this section are interesting but, 
as the river is divided at this point by Cornwall island, deductions from records 
must be made with care. 

49. The gorges which occurred in the river between Morrisburg and the 
foot of Croil island were especially instructive. Those which occurred at this 
point in 1887 and in 1905 also furnish information of value, though the records 
of these jams are not complete. When the jam of 1923 occurred the Depart- 
ment of Railways and Canals placed a large staff of men at recording the 
phenomena, and records of great value were obtained. 

50. In 1925 an extensive gorge occurred in the lower Niagara river. This 
jam was especially instructive in view of the straight uniform character of the 
river, The water level at the head of this jam and the volume of the ice in the 
section were carefully determined by surveys carried out by the Department 
of Railways and Canals. 

51. The surface slopes opposite Montreal have been recorded for a number 
of years. Many cross-sections of jams near Montreal were made by the Mont- 
real Flood Commission in 1887. The gorge at the head of lake St. Louis was 
cross-sectioned by the staff of the Canadian section of this Board in 1925. 

52. From the surface irregularity of ice jams it might appear that no pre- 
diction could be made as to the form which such jams take or as to the slope 
of the water surface flowing through them. Many cross-sections, however, dis- 
close the fact that these hanging dams tend to assume a definite shape with 
ribbons of clear water of uniform sectional area flowing underneath the jam. 

' 63. Just after an ice movement or a consolidation of a jam the underlying 
ribbon of water is often irregular but it soon changes to the typical and regular 
form. The average velocity of the water in the resultant section is generally 
about three feet per second but does reach four feet per second in some cases and 
also falls to two feet per second at the foot of gorges in mild weather. 

Typical sections of jams are shown on plates 12 and 138. 

54, Observations of gorges during formation show that frequently there is 
a series of pushes in the upper part of the gorge in which the cover at the kead is 
telescoped and on-coming ice from the upper part plunges under the lower part 
in a continuous stream which sometimes keeps moving for a full day at a time. 
These partly compressed coverings of ice in pushing down the river bend around 
curves and change their shape with difficulty. Ice coverings appear to make 
upstream against higher velocities in crooked channels than they do in straight 
reaches, z 

55. The observed slopes of the St. Lawrence through ice jams are shown on 
table 9. These are plotted on plate No. 7. This plate shows that surface slope 
in feet per mile is always greater after heavy snowfalls than even during periods 
of intensely cold weather. . 

56. Records as plotted on plates 3 to 6 show that the advent of moderate 
weather succeeding cold periods or periods of snowfall always produces some 
lowering of water level at the head of the jam. These often show a rise in the 
lower portions of the jam indicating a movement of ice from the upper to the 
lower parts. Continuous moderate weather also produces openings at specially 
narrow points in the river. These openings, when they break out, generally 
show velocities in excess of 7 fet per second and in some cases velocities. as. high 
as 9 feet per second. This shows that, for a time at least, the ice deposited in 
a jam or gorge will resist velocities as great as 7 feet per second. 

57. Plate No. 7 shows that in general the slope of an ice jam can be taken at 
about 1.6 feet per mile if there is no snow and very little curvature in the river, 
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while a slope of about 2.7 feet per mile under the same conditions will maintain 
with recent snowfall. This ‘diagram also shows that if the river is so crooked 
that it turns 120 degrees per mile, a slope of about 3 feet per mile will be set up 
in ordinary winter weather by an ice jam and 4.6 feet per mile in such a reach 
after a snowfall. What slope would be set up if by some chance the water level 
at the foot of a jam should be lowered is not known and there seems to be no 
way of determining it. 

58. The fact that open slits break out at narrow points in the river with 
velocities of 7 to 9 feet per second indicates that such velocities are close to the 
maximum to be expected under ice jams under any conditions. Further indi- 
cations of the truth of this statement are given in the fact that certain power 
canals which operate without ice covers find velocities of about 7 feet per second 
much more satisfactory than velocities of 4 feet per second, because velocities of 
7 feet per second prevent adherence of anchor ice to the floor of the canal. 

59. In addition to the diagrams shown on plates 3 to 6 many others have 
been prepared which show changes in water level from day to day at various 
points in the jams as these form below the Lachine rapids, at Montreal, and at 
the foot of the Long Sault rapids and at the head of lake St. Francis. Strangely, 
the highest winter levels opposite Montreal are associated with warm, not cold, 
winters. This is due to the fact that in warm winters a channel remains open 
through La Prairie Basin until a late date and large amounts of ice periodically 
move down from there into the section below Montreal, filling that section of 
the river with frazil and chuck ice before the advent of spring brings down the 
final consignment from La Prairie Basin in the breakup period. 

60. In summary, the conclusions arrived at by the Board as a result of this 
study may be stated as follows:— 


1. Sheets of ice in the latitude of the St. Lawrence River may, under 
certain conditions, exert a pressure of about 22,000 pounds per linear 
foot of dam. 

2. Smooth ice covers may be expected to form in rivers with velocities up 
to 1.25 feet per second in zero weather provided there is no high wind 
preventing such action. 

3. Ice covers may be expected to pack upstream up to a velocity of 2. 25 

feet per second without danger of ice going under the cover. 

. Water surface slopes through ice jams on the St. Lawrence river can be 
taken as 1.6 feet per mile if there is no snow and 2.7 feet with recent, 
snowfall if the stretch is comparatively straight. 

5. The amount of frazil to be expected from a given area of water exposed 
to cooling action of air can be calculated from the following formula: 
Volume of ice formed per day=95 x Aver. Diff. in temperature between 
air and water x sq. ft. of-water exposed divided by 144 x 57.4. 

. For obtaining winter slopes under ice covers formed by packing upstream, 
the value of “M” in the Bazin formula may be taken as 5.5 for Janu- 
ary and 4.5 for February and March, averaged with ordinary values 
applicable to the stretch in question in summer, the wetted perimeter 
being taken as including the ice cover. 


Prepared by D. W. McLacuuan. 


aN 


or) 


Adopted by Board, July 5, 1927. 
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TABLE I—ICE FORMATION CONDITIONS BETWEEN LANORAIE AND SOREL ON THE 
ST. LAWRENCE RIVER el Lao 110,700 SQUARE FEET AT 12-6 AT 


STATEMENT SHOWING CONDITIONS UNDER WHICH FRAZIL WAS CARRIED UNDER THE IcE CovER 


Average 
Average Average velocity 
Drop in velocity velocity derived 
Tempera- | water level} derived derived from 
Date. ture after from from Montreal 
of air bridge Grenville Coteau Aqueduct 
formed an and and Des 
Lock 25 Grenville Prairies 
River 
feet feet per sec. | feet per sec. | feet per sec. | feet per sec. 
Dees Lol Gl zeneask es a he +20°F. 4.2 2-56 2-60 | 2-57 
Jane AEs GIS ye ace telcs «ae toe =o +32°F. 4-2 2acc a al ae ere | a 
Janz) D8 191s s52 5, Forks 3 sf eae ae + 5°F. 4-2 2-40 2-43 2-31 
Jari Owe OG. waeey csty. © eine sister e ls +25°F. 5-9 2-02 (Not 2-27 heavy 
representa- local rain 
tive) 
Jan Ol Ol Olan eee oe lee ie +40°F 5-9 (Not repre- 2:07 | 2-24+rain 
sentative) 
TD) OCF 19) C191 Ce occ ces roterecs cso eet ao! oe +14°F 3-0 2-25 2-26 | 2-33 
Decent y 190 Fis. eee oe wine. aus Mieetcbteteve > che 0° 3-6 O50 .3\8 | Ae Ee dm ee 2-28 
Jane Reel OID Ae ads erp ert ce +12°F 3-9 2-35 2-41 | 2-47 
DeocweAS 1910S ew ete cderdeiss acess 10°F 4-0 Dee Nowdonek en 2-49 
Dec. AG, 1924505 |S iserrg or eeertrtnen-es +10°F 2-6 2-24 2-43 | 2-38 


STATEMENT SHOWING CONDITIONS UNDER WHICH Ick COVERS FORMED WITHOUT FRAzIL BEING CARRIED 
UNDER THE IcE CovER 


Decry O e191 4 ewe +. ots OE so ae +5°F. PFs MAR | cee aed Ace | VR OE oe 2-03 
Deck 27g a 1920 Ree rere fetes stersbel cinerea ney oners 9/26 —3F. 1-7 ZISOVR| ce Asis lx ame te» 2-28 
IDX 2 JIA os cc od obese Gb on. Cut od oo ee —3°F. 1-6 PAIS) 38 Hie Been isto 2-10 


STATEMENT SHOWING CoNDITIONS UNDER WHICH ONLY VERY SLIGHT AMOUNTS OF FRAZIL WERE CARRIED 
UNDER IcE CovER 


DD GG am 20, L OZO' i eivapstcre!lsrsyefars ainieyey neh clase = 00 1. 2 OW ial aversretersa meee | o cistecsucc al atansters 2-26 
IDES WG OE SS Ar BUA OG GO | CACO UCHE 11° Re 2-6 
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TABLE No. 4.—STATEMENT SHOWING THE AMOUNT OF FRAZIL OR SLUSH FORMED 
UNDER VARIOUS CONDITIONS 


Area 

Place exposed 

sq. ft. 
Lake St. Louis, 1925........| 442,000,000 
Lake St. Francis, 1924......| 460,000,000 
ODS eee 320, 000, 000 
TODD Nene 460, 000, 000 
Above foot Croil Island....] 190,000,000 


Volume of 


frazil or slush 


cu. ft. 


6,355, 700, 000 
3,721,000, 000 
4,160,000, 000 
3,950, 000, 000 
1,394, 000, 000 


Degree days of 


freezing 
Ogdens- 
Montreal burg 

1,410 1,200 
817 738 
13850 1, 246 
1,029 890 
916 826 


Volume formed per sq. 
foot of exposure 


By actual 
measure- 
ment 


Calculated 
with cooling 
coefficient 
of 95 cu. ft. 


TABLE No. 5._STATEMENT SHOWING DEGREE DAYS OF FREEZING TO WHICH WATER 
SURFACES AT MONTREAL AND KINGSTON ARE EXPOSED BETWEEN THE TIMES 
LAKE ST. FRANCIS AND LAKE ST. LOUIS FREEZE OVER AND THE HIGHEST 
REACHED WATER LEVEL AT MELOCHEVILLE TAKEN AT THE END 


OF THE WINTER 


Year 


Degree 

days of 

freezing 
for period 


Degree 

days of 
freezing 
for period 


HPL eS Peet i eee Rigen cet 4 
192824 ied cts. etelyrs, Siete ee Germae orate 
EY SERIA Cane in ROTI OE 8 OS Sire OO Ow 


M = Montreal records. 


Date of Date of Date of 
freezing freezing of highest 
of Lake River at |water level. 
St. Louis foot of Head of 
Cornwall Lake 
St. Louis 
(A) (C) 
Dec. 16 Dec. 21 Mar. 5 
Apiy. ei! Jane al Feb. 25 
Dec. 18 Dec. 28 Feb. 28 
Dec. 22 Dec Feb. 28 
Dec. 22 Dec. 29 Mar. 16 
Dec. 20 Jan 7 Feb. 20 
Dec. 15 Dec. 15 Feb. 9 
Dec. 29 Dec. 29 Mar. 6 
Dec. 20 Jan, 12 Mar. 10 
Re ee Dec. 22 Mar. 5 
Jan. 11 Jan Feb. 25 
Jan. 13 Jan Mar. 10 
Jan. 1 Jan. 4 Mar. 6 
Dec. 14 Dec Feb. 24 
Dec. 29 Dec. 30 Feb. 23 


K = Kingston records 


IB Bel 
After Jan. 
19, 916 
1,029 
dase 


TABLE No. 6—_STATEMENT SHOWING AVERAGE AIR TEMPERATURE AT CERTAIN 
STATIONS FOR WINTER MONTHS 


Fahrenheit Thermometer 


Chezy | Montreal} Kingston 


Ottawa 


moO 
one 
NOS 


— 
ae 
Oe 


— 
NOON 
wnoce 


Year Month Canton: 
1923 =a er elec te IBY SOR: Aas 31-7 
DANS taal 17-9 
Hobesr nic 10-1 
Mean..... 19-9 
1922-23 eA Nee ant Dec. ans 21-4° 
DEA stein 10-8 
Hebaenses 9-2 
Martane 20-6 
Mean..... 15-5 


Moira | Ogdens- 
burg 
31-2 32-8 
17-0 19-0 
10-8 12-8 
19-7 21-5 
18-8 23-3 
10-7 13-2 
7-8 10-8 
20-1 21-7 
14-4 17:3 


31-9 29-7 
18-8 14:3 
10-0 11-8 
20-2 18-6 
21-8 18-5 
12-2 11-2 
10-6 9-7 
22+2 19-2 
16:7 14:7 


— 
bo 
—) 
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TABLE No. 6-STATEMENT SHOWING AVERAGE AIR TEMPERATURE, Erc.—Concluded 


Year Month Canton Moira etal: Chezy | Montreal | Kingston} Ottawa 
urg 

192102 ee eee Doce. 21-8 20-2 20-6 21-2 19-8 26-0 17-5 
NE Ramee 12-8 13-3 15-6 14-2 13-2 16-0 9-5 

Heber ecent 20-1 19-2 20-6 20-2 16-6 21-0 13:5 

March.... 32-0 31-8 32-0 32-6 30-6 30-0 27-5 

Mean..... 21-7 21-1 22-2 22-0 20-0 23-2 17-0 

1920-2. en ee Dee: ...6- 23-2 22-6 24-4 24-0 22-1 27-0 20-5 
DAIL. cs Aaah 20-9 20-6 21-5 21-8 18-0 25-0 15-5 

Beeb sage: 20-9 20-6 23-2 21-2 18-9 25-0 17-0 

Mean..... 21-7 21-3 23-0 22-3 19-7 25-7 17-7 

1919-20 ene bert IDX: (epee hes 21-4 18-8 23-3 21-8 16-0 20-0 12-5 
HEM WBE dea 4-1 4-3 6-7 5-4 4-9 7:5 0-5 

Hebe: tance 15-4 14-8 15-6 16-0 14-5 17-0 11-0 

Mean..... 13-6 12-6 15-2 14-3 11-8 14-8 8-0 

TABLE No. 7 l 
Values found for V and M in Bazin’s Formula 
ee Si Ri in Summer and in Winter 
m 
1+ —— 
VR 


Thickness of Ice allowed for at 2 feet 
VARENNES TO LAVALTRIE—DISTANCE 85,200 FEET 


Q R V F C M 

— Discharge | Hydraulic | Velocity Fall 

CES: radius ft. per sec. feet 
Open water—Mean flow........... 425,600 26-0 2-46 2-03 97-7 3-12 
s iohsiow-..c ate ees 508, 000 29-1 2-62 1-99 100-6 3:05 
sd WOweLOWie esr 253, 000 19-6 1-94 2-09 88-1 3-46 
PAS. GPA OLODEI WA LCE ec St PNG | Steaie Scere eee stein dca cepeterart leva lets ous otsvon Gil casepotearest atte ak eek -otetaceug 3°21 
SAD Oa LODO atts saura Races e 225,720 12-6 1-34 3-94 56-5 6-34 
JAD GES L—LO se LODOnE Piles tranoasiee oe 223,270 12-0 1:39 3°78 60-1 5-60 
Janweto-olieg (920re ee ote 197,170 11-3 1-31 3-25 63-0 5-03 
A Eho) ov» da ie eds ee By Aa Mo 201, 640 11-8 1-28 2°94 63-5 5-08 
Hebel =2881 925% cain chery at 239,710 12-8 1-40 2°75 68-9 4-61 
Maret G= 1S 1925) tr flncds s crany oe yate 00) 247, 640 12-9 1-44 2-80 69-9 4-51 
Marae tel in 192 detvrct srreigercre. 253, 150 13-0 1-47 2-76 71-6 4-32 
Mar. 16-31, 1925........ Peers sae 313,780 14-8 1-59 2-58 75-0 4.21 
PAV OrAZE UNGELICEICO VEL nein | series seereisteill erecta eee ha Aoteee aiseehe ace nate oee a eeatser 4-96 


Open water—Mean flow........... 425,600 25-9 2-48 1-42 107-4 2-37 
& ich flows.e asec 508, 000 29-4 2-62 1-42 106-3 2-52 

¢ Low flow... :ta0s.ses. 253,000 19-8 1-93 1-39 96-3 2-82 
IANOPAPOIOPED WACK ee cae Alia tate ek cos cial ate Mirae. oe ial All ASR. teat seanel et oenafatahalllay ala's) 2-57 

Jane Si 92m er en aeasae 225,720 12-5 1-36 2-81 60-3 5-70 
JANA lO ODOM skis Sete are crn es 223,270 12-2 1-39 2-78 62-5 5-30 
Jani MElG-S POZO ce clots detects siaxne 197,170 11:3 1-31 2-40 66-0 4-66 
Fobew i145 sl 9258. ksh ic dee ae aise 201,640 11-9 1-28 2-12 66-9 4-68 
Hebewls=28 0 1925. aes a eters icles 239,710 12-8 ' 1-42 1-99 73°9 4-05 
Marr (G=tSa 1925 eects tained 247,640 13-0 1-44 2-05 72-1 4-25 
Marto 1 925 ees cate octal scharseses 253, 150 13-0 1-47 1-92 77-1 3-75 
Mare lG-slenlo2oneme 313,780 14-8 1-59 1-82 80-3 3:69 
SAV OLA OMING CL~lCOHCOV OL vials siete erovarcte |i Tava cea cee k heeet eauoeacad ayaa ll retopetal ert eas tl a aiehaca cre 4-51 
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TABLE No. 8 


Values found for V and M in Bazin’s formula 
= 157-6 S% Ri in summer and in winter 


m 
eee 
ae RR 


Thickness of ice allowed for 2 feet 


LANORAIE TO SOREL—DIsTANCE = 46,000 Frnt 


Q R V F C M 
—— Discharge | Hydraulic | Velocity | . Fall 
C.F.S. radius feet per sec. feet 
Oren WATER 

Average for October, 1914........ 251,100 33-0 1-98 0-46 109-1 2-52 
Average for October, 1915......... 275,500 33-3 2°15 0-52 111-0 2-43 
JunedlO}UO1O we Ne. eakew chee secant 465, 100 38-9 3-10 0-74 124-0 1-68 
Average for June, 1919............ 477, 800 39-2 3-17 0-76 124-5 1-66 
Average for October, 1920......... 261,300 33-4 2-03 0-43 114-9 2°15 
Average for October, 1921......... 253, 600 33-0 1:97 0-34 126-2 1-43 
Average for October, 1922......... 264, 600 33:3 2-07 0-46 113-5 2-26 
Average for November, 1924...... 266, 500 33-5 2-07 0-46 113-2 2-28 
Octoberi2641925 ce eee 250, 200 33-6 1-94 0-38 116-4 2-05 
October: 27, 1925.-0.0 46 ene 249, 100 33:7 1-92 0-35 120-0 1-02 
Average for October, 1925........ 253, 100 33:5 1-96 0-32 128-5 1-32 

AVOTATES OPS: WALT co cial ork crete eisai | eee es ere Pattee CF eer ote ener eee 1-96 

Ick CovER 

JANUVATY 0S) O10 el ecaee ee ea eae 227,300 17-3 1-71 2-06 61-5 5-99 
Jangaryvies Ol One aes weer 234, 700 16-9 1-82 1-78 71-1 4-95 
January orl gelesen eee ees 277,100 18-0 2-00 2°12 69-5 5-36 
January 24. 1O2I pe wee eiciasracine: 257,700 17-6 1-90 1-83 71-9 4-96 
JANUATY (i hO22 eee ae eee 252,700 17-6 1-86 1-45 79-0 4-15 
JANUALY 129 OZ2 cana oder 239, 500 17-4 1-79 1:17 85-0 3-55 
JANUAP Vis Oceans aaa erates 228,000 17:3 1-71 2-00 62-3 6-35 
JONUALYA2 (a0 02 Onteniente 189,100 17-0 1-45 1-37 64-5 5-49 
ANUATy: 10s LOZ eens ytoe anetecnnie 253, 100 18-2 1-80 2-56 56-5 7:63 
January, 2001926 sr lls aero 236, 226 17-7 1-72 2-06 61-1 6-61 

Average 101 JANUSTY «cee. aie tlie cicccre ci heeeyeve a | Cero ote S okeevagete | ie aesTacacaie iauen | IVeN eel eee oie 5-51 
ebruary23; ol loadsa vee 230, 000 17-2 1-74 1-74 68-2 5-41 
Bebruary, (9s 1920s aeo seca | 249, 200 17-1 1-09 1-60 77-5 4.27 
Bebruary, 28, 1920 ones sae 239, 200 16-8 1-85 1-28 85-5 3-45 
Hebruary; 22, 1922 codon sae nee 218,800 17-7 1-60 0-96 83-2 3-75 
Rebruary, 10; 1925. 2c...40. ers eee rs 204, 400 17:8 1-50 1-61 60-1 6-82 
Hebruary, 24, 10 20n0c5sae spaces 223, 800 18-6 1-56 1-59 61-5 6-16 
Biébrnaryin9, 1926 nen. tesa ane 216, 100 17-3 1-62 1-72 63-6 6-15 
Febritary 2/5 192000 eee) aie 215, 100 17-7 1-58 1-75 60-9 6-68 

A VOTAGO LOM ESD TUT y. cee al vere eea tees head ciate Sica rasta ee eal reat Tene cee | Aegean | 5:34 
March f4;/1O1S 2. ok: cakes easels 249, 200 18-1 1-79 1-29 79-5 4-18 
Marchi20hal OL one eerie 248, 500 17-1 1-89 1-50 80-0 4-01 
Marehyl6—205 191 ocsans mee eer eres 248, 200 17-2 1-88 1-36 83-3 3-70 
Marehits(, 1921) sens ek is eas 245, 600 17-2 1-85 1-50 78-1 4-20 
Marechal 2-10. 102d. 1, eisdiaiele 289, 800 18-9 1-99 1-74 74:5 4-82 
Marelygl2 19220. lined adensvanets 251, 600 18-5 1-76 0-98 88-5 3°34 
Marchi2 7.01922 4.0 ieee pe Nee 282,900 18-4 2-00 0-96 102-0 2-33 
Mareh?20-29) 1922 sai 3. och eel 289, 500 18-8 2-00 0-98 99-7 2-51 
March 74701925. 0..einobcaeeuter ee 249, 600 18-6 1-74 1-54 69-6 5-28 
Marehi27,. 19258 eek.) eae lak 321,900 21-0 1-98 1-86 67-9 6-03 
Marchi22-315 1925 Nn: cane Merete ee 325, 200 21-1 2-00 1-92 67-4 6-14 
March: 5.91926 geese 4b. Se. ae 214, 500 17-5 1-59 1-62 64-0 6-10 
Mareh,26;-1926 8.53. sheee eee 213, 200 17:3 1-60 1-67 63-9 6-08 
March’ 20-26, 1926) 24. ..\... cent oe: . 213,500 17-2 1-61 1-59 66-0 5-75 

Average foryMarch oh... atl) Aavstels ste Bal ered dai ake oe | cE ro AT tc ates ll borat a oe ae 4-61 
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TABLE NO. 9.—SHOWING RELATION BETWEEN SLOPE IN FEET PER MILE AND CURVATURE IN 
DEGREES PER MILE THROUGH ICE PACKS 


Curvature 
: Fall 
: F Fall Dist- Feet 
No. Station to Station Date ah ance P Total Degrees Remarks 
Miles eh ota Per 
Mile | Degrees Mile 


1 |Lock 15 to Dickerson’sIsd....|Jan. 30, 1922..| 10-0 6°45 1-55 203 31-5 |Mean Conditions. 
2 |Hd. Cornwall Isd. to Lock 15..|Jan. 30, 1922.. 7°8 2-50 3-00 288 115-0 |New Pack. 
3 |Hd. Cornwall Isd. to Lock 15..|Feb. 16, 1922.. 6-1 2-50 2-40 288 115-0 |Mean Conditions. 
4/Ft. Barnhart Isd. to Head : 
Cornwallaisdiar,..ceteecdes. 2 Jane 26, 1922) : 4-7 2-00 2-35 200 100-0 |New Pack. 
5 |Ft. Barnhart Isd. to Head 
Cornwallisdite o:0200s 08 oe Feb. 16, 1922 3-2 2-00 1-60 200 100-0 |Mean Conditions. 
6 |Ft. Barnhart Isd. to Head 
Cornwalliisdh 4) \.205-5. 005. Feb. 27, 1922.. 5-5 2-00 2°75 200 100-0 |Snow. 
7 |Ft. Barnhart Isd. to Lock 15...;Feb. 4, 1922..| 10:5 4-60 2-30 483 105-0 |Mean Conditions, 
8 |Ft. Barnhart Isd. to Lock 15...\Jan. 30, 1922..] 12-5 4-60 2-72 483 105-0 
9 |Robinson Bay to Hd. Cornwall 
SAU ec eee ee ate bee Jan. 27, 1922..| 10:6 3-70 2-87 285 77-0 |Temporary. 
10 |Ft. Barnhart Isd. to Lock 15.. ‘Feb. 28, 1922. 4° 11-2 4-60 2°45 483 105-0 
11 |Hd. Barnhart Isd. to Lock 15../Jan. 29, 1918..} 35-5 8-80 4-00 826 94-0 |6 inches Snow. 
12 |Hd. Barnhart Isd. to Lock 15../Feb. 4, 1918..| 17:6 8-80 2-00 826 94-0 |Mean. Cold 0°F. 
13 |Hd. Cornwall Isd. to Lock 15..|Feb. 25, 1918.. 9-0 2°94 3-06 335 115-0 |Mean Conditions. 
14 |Lock 15 to Dickerson’sIsd....J/Feb. 4, 1923.. 9-0 6°45 1-44 203 31-5 |Mean Conditions. 
15 |Ft. Barnhart Isd. to Lock 15...|/Feb. 4, 1923. 12-0 4-60 2-60 483 105-0 | New Pack. 
16 |Ft. Barnhart Isd. to Lock 15.../Feb. 9, 1923. 8-7 4-60 1:89 483 105-0 |Mean 19°F Conditions 
17 |Weaver’s Pt. to Upper Farrans 
IDG ee Pea we re scene np ote tert, 7-4 3-60 2-05 136 38-0 |New Pack. 
18 |Weaver’s Pt. to Upper Farrans 
iia VaR SOMO SE TUM wee amar 5:7 3-60 1-58 136 38-0 |Mean Conditions. 
19 |Lock 23 to Weaver’s Pt........ 9:3 6-25 1-50 325 52-0 |Mean, No Snow 0°F. 
20 |Lock 23 to Weaver’s Pt... 11-0 6-25 1:76 325 52-0 |Snow 24°F. 
21 |Hd. to Ft. Cornwall Isd 14:8 5-50 2-80 368 67-0 
22 |Hd. to Ft. Cornwall Isd 13-4 5-50 2°42 368 67-0 
23 |Hd. to Ft. Cornwall Isd 12-5 5-50 2-27 368 67-0 |Mean, No Snow Condi- 
tions. 
24 poles Bay to Hd. Cornwall 
lists Caer sc acne eee Se Feb. 9, 1924 13°5 3-70 3:65 285 77:0 |Snow, Temporary. 
25 |No. 5 to Ft. CornwallIsd..... Feb. 8, 1926.. 4-5 2-46 1-83 120 49-0 |Mean Conditions. 
26 |Hd. Cornwall Isd. to Lock 15..}Feb. 15, 1924.. 7°5 2-50 3-00 288 115-0 |Mean Conditions. 
97 |Hd. Cornwall Isd. to Lock 15../Feb. 8, 1924. 9-0 2-50 3-60 288 115-0 
28 |Lock 15 to Ft. Cornwall Isd...|/Feb. 6, 1926.. 5-0 3-00 1:70 100 33-0 |Mean Conditions. 
29 |Lock 15 to Ft. Cornwall Isd...}Feb. 24, 1924.. 6-0 3-00 2-00 100 33-0 |Mean Conditions. 
30 |Ft. Barnhart Isd. to Hd. Corn- 
Wallilisa! see eae... | eee Feb: «5, 1925.. 4-5 2-00 2-20 200 100-0 |Mean, No Snow. 
31 |Ft. Barnhart Isd. to Hd. Corn- 
Walllisceer, sivas iv. btnane ae Feb. 13, 1925.. 7-0 2-00 3-50 200 100-0 |Mean, No Snow Con- 


ditions. 
32 |Transmission Line to Head 


Gornwallilsdiy. wes. ee. Jan. 19, 1925..} 12-0 4-40 2-73 378 86-0 |New Pack. 
33 |Hd. Cornwall Isd.to Lock 15..|Jan. 6, 1925..| 12-0 2-50 4-80 288 115-0 |Snow. 
34 |Hd. Cornwall Isd. to Lock 15../Jan. 27, 1925..| 10-6 2-50 4-24 288 115-0 |Steady Snow. 
35 |Ft. Barnhart Isd. to Head 
Cornwallifsdie. We. coe eee Jan. 18, 1925.. 8-5 2-10 4-00 200 100-0 | Newly formed, Snow. 
386 |Ft. Barnhart Isd. to Head 
Cornwalliicd ee. eee. Feb. 13, 1925.. 6:5 2-0 3-24 200 100-0 |Thaw. 
37 |Ft. Barnhart Isd. to Head 
Cornwallisdsy en ecaee k Jan. 31,, 1925... 4-8 2-0 2-40 200 100-0 |Mid-winter. 
38 |Hd. to foot Barnhart Isd...... Jan. 31, 1925..| 19-0 4-7 4-00 410 87-0 |Snow, Temporary. 
39 |Lock 23 to Upper Farrans Pt..|Feb. 15, 1925..] 17-5 9-8 1-73 402 41-0 |Cold. 
40) |\NiagarauRiver, poke c.-enncee Jan.- 3, 1925..] 18-2 6-4 2-84 176 27-5 |Snow. 
Alp Niagara River ec we ccnen Jan. 15, 1925.. 9-3 6-4 1-45 176 27-5 |Cold. 
42 |Lock 15 to Dickerson’s Isd....|Feb. 6, 1925..} 11:4 6°45 1:77 203 31:5 
43 |Lock 15 to Dickerson’s Isd....|/Feb. 26, 1924..] 10-7 6-45 1:66 203 31-5 
44 |Hd. to Ft. Barnhart Isd.......]Feb. 22, 1924..] 16-7 4-70 3-55 410 87-0 A fon small air holes. 
now. 
45 |Lock 15 to ‘‘E”’ 8,000! East..../Feb. 15, 1923.. 4-06 1-54 2-78 110 71-0 
46 |Anderson’s Ferry to Grass Isd.|Feb. 15, 1922.. 5-8 4-20 1-38 105 25-0 
47 |Anderson’s Ferry to Grass Isd.|Feb. 24, 1922.. 6-6 4-20 1:57 105 25-0 
48 |Monument No.3 to Grass Isd..}Feb. 14, 1922.. 7:5 5-00 1-50 197 39-0 
49 |Y.3 to Ft. Cornwall Isd.......]Feb. 15, 1924.. 9-7 5-25 1-85 194 37-0 
50 |Y. 3 to Ft. Cornwall Isd....... Feb. 25, 1924.. 9-0 5-25 1-71 194 37-0 
bl | Eds tol Ht. PollystGut. we eon Feb. 21, 1924.. 3-5 1-29 2°72 146 113-0 
52) |Hdato lt. Pollys:Gut. te Feb. 8. 1924.. 6-7 1-29 5-20 146 113-0 |Snow. 
53 |Hoasie Cr. to Strawberry Isd.|Feb. 18, 1923.. 5-9 3-20 1-84 210 66:0 ; 
54 | Hoasice Cr. to Strawberry Isd..jApril 9, 1923.. 8-0 3-20 2-50 210 66-0 |Prescott ice 23-5 F. Day 
before 33-9°F. 
55 | Lock ItowWackers? vse; 256-8 Feb. 9, 1913.. 7-20 | 4-00 1-80 84 21-0 
56 | Lock Ito Vickers... i050. ...055 Feb. 15, 1916.. 8-8 4-00 2-20 84 21-0 
57 |Lock 1 to Longue Pointe....... Dec. 28, 1924.. 9-0 5-60 | 1-60 106 19-0 
58 {Lock Ito Viekers..& ..4..2...8 Feb. 4, 1913..} 11-0 4-00 2-75 84 21-0 |New Pack. 
59 |No. 3 to No. 5 Sth. Cornwall 
BOL Wee een tie nt es ae Jan. 25, 1926.. 8-4 2-30 3-65 145 63-0 |Snow. 
60 |No. 3 to No. 5 Sth. Cornwall et 
1G he. Seats Adah Me eb. 8, 1926.. 6:4 2-30 2-80 145 63:0 |Mean Conditions. 
61 |Hd. Pollys Gut to No. 3...... Jan. 29, 1926.. 7:0 1:80 3-90 146 81-0 |Snow. Ps 
62 |Hd. Pollys Gut to No. 8....... Feb. 8, 1926.. 4-0 1-80 2-20 146 81-0 |Mean conditions. 
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APPENDIX F 
EXPERIMENTS ON STRENGTH OF ICE 


McGiitt UNIversity, 
MonrtTREAL, QuE., May 20, 1926. 


To D. W. McLacuian, Esa., 
Chairman, Canadian Section, Joint Board of Engineers, 
St. Lawrence Waterways Project, 
317 West Block, Ottawa, Ont. 


Str,—I have the honour to submit the following report on tests to determine 
the physical properties of ice at different temperatures. 


GENERAL 


The tests herein described were made under general instructions received 
from you, and were carried out during the months of February and March, 
1926, at the Cold Storage Warehouse of the Harbour Commissioners of Mont- 
real, where rooms which could be kept at uniform temperatures ranging from 
0° F. to 32° F., were available. A supply of river ice of excellent quality was 
obtained through the City Ice Co., of Montreal, from their ice cutting field in 
the LaPrairie basin of the St. Lawrence river, off Verdun. It was noticeably 
free from flaws, cracks, air bubbles or foreign material, and the upper layer 
of white ice was only about one inch thick. The blocks were cut under special 
supervision and handled with the greatest care during transportation to the 
warehouse so as to avoid risk of damage, and were stored in a room at a tempera- 
ture of about 30° F. where the necessary specimens were prepared for test. It 
was proposed to carry out tests at different temperatures, and as the work of 
cutting specimens could be carried out more conveniently at a temperature near 
the freezing point than at a temperature near zero, it was decided to cut and 
store all specimens at about 30° F., removing them to other rooms at lower 
temperatures as required for testing. It was found later that ice splinters 
considerably when sawn at temperatures near to 0° F. but at 30° F. the sawing 
was accomplished with comparatively little difficulty. A series of special mitre 
boxes was made by which compression specimens 5 inches by 5 inches by 5 
inches and 5 inches by 5 inches by 10 inches, and beams 3 inches by 2 inches by 
50 inches long were prepared, using ordinary carpenters saws and planes, on 
the rough specimens cut with ice saws from the larger blocks. (See blueprint 
attached). All specimens were marked to denote the direction of the crystals. 


OBJECTS OF TESTS 


The primary object of the tests was to determine the behaviour of ice at 
different temperatures when compressed normally to the crystals, as may occur 
under natural conditions above dams, power houses, bridges and such structures. 
The deformation of the ice was to be measured by the use of mirror extenso- 
meters, and its elastic properties and strength determined. Tests were to be 
made also on beams, to find the modulus of rupture and the modulus of elasticity, 
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“RE”, by observation of the deflection under load. The scope of the tests could 
not be defined in advance, as the field of investigation and method of com- 
pression testing proposed were new, very little information having been pub- 
lished regarding the properties of ice at different temperatures. 

The complete series of tests includes the following:— 


(a) Compression tests at about 30°F., 16°F. and 3°F. with definite load 
increments corresponding to about 10 pounds per square inch applied 
at regular time intervals ranging from 5 seconds to 320 seconds. 
Crushing strength of ice at the above temperatures under loads applied 
uniformly, and suddenly. 

(c) Observations on the continuous yielding of ice in compression at about 
30°F. under loads as low as 20 pounds per square inch. 

(d) The yielding of ice in compression at 14°F. under sustained loads of 
different intensities from 100 pounds per square inch to 400 pounds 
per square inch. 

(e) Bending tests at about 30°F. and 16°F. at four different rates of load- 
ing. 

(f) Miscellaneous tests. 


(6 


— 


APPARATUS USED 


The apparatus used was loaned from the Strength of Materials Laboratory 
at McGill University, and included an Olsen Testing Machine of 10,000 pounds 
capacity, Martens’ Mirror Extensometers, Telescopes and Scales, for compres- 
sion tests; apparatus for supporting beams for bending tests, weights, deflec- 
tion scales and sundry minor accessories. 

The Martens’ Extensometer was adopted on account of its peculiar adapt- 
ability to such tests, experience in the laboratories at MicGill University having 
demonstrated its sensitiveness and accuracy. Two Extensometers were used 
in each compression test, being held against opposite faces of the specimens. 
(See blueprint.) To provide bearing for the sharp edges of the Extensometer, 
flat pieces of galvanized iron about 4 inch square with small projecting points 
soldered to them, were pressed by hand against the faces of the specimens and 
frozen in place. This arrangement proved entirely satisfactory. Some initial 
difficulty in maintaining the Extensometers in place without, slipping was over- 
come by stretching a heavy rubber band over four vertical bars screwed into the 
base of the testing machine outside the four corners of the specimen, and placing 
short pieces of wood between the Extensometer bars and the stretched rubber 
band, so as to exert a pressure between the Extensometers and the ice block. 
The gauge length of the Extensometers was 2 inches, and a change of 0.001 
inch produced a movement of one main scale division, or ten small divisions, 
amounting to 0.5 inch, on the scale. Readings were made, as usual, by tele- 
scope, fractions of the small scale divisions being easily estimated. Each main 
scale division corresponds to a compression of 0.001 inch, and an estimated 


a f ‘ 1 
division to 0.00001 inch, so that a strain of 390,000 could be measured. The 


yielding on opposite faces of compression specimens of materials such as con- 
crete, stone, etc., is rarely the same, and the mean of a number of readings 
taken around the specimen is essential if a proper measure of deformation is to 
be obtained. In the tests described, two Extensometers were used, and the 
mean of the two readings was used to determine the yielding. From these mean 
readings .curves showing the’ relation between deformation and load can be 
plotted, and the properties of the ice determined. 
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To secure uniform bearing and load distribution a heavy iron plate with 
planed faces was slightly warmed above room temperature and passed over the 
loading faces so as to melt the ice slightly. The resulting moisture was wiped 
off and the block set on a thin sheet of blotting paper placed on the lower 
loading faces of the machine. The heavy iron plate was then placed on the 
upper face of the block, and a steel washer was inserted between it and another 
plate directly under the upper loading face. When a small compressive load 
(250 pounds) had been applied, shims were placed between the two plates. The 
loading was then continued as required. The load was uniformly distributed by 
this means. The tool marks of the loading plate could be seen clearly on the 
blocks after a test was over, and the print of the circular marks on the lower 
face of the testing machine provided for centering the specimens were also trans- 
ferred completely to the paper under the block. Details of these arrangements 
are shown in the attached blueprint. 


CONTINUOUS YIELDING OF ICE UNDER SMALL PRESSURES 


After the preliminary work necessary in finding suitable means of securing 
Extensometers and loading the blocks as noted above, tests were made on thie 
recovery of the ice when compression was applied and removed. A block 4.9 
inches by 4.9 inches by 4.65 inches high was loaded at 28° F. with 250 pounds 
sustained for five minutes and there was complete recovery on removal of the 
load. After second and third applications of this load, sustained as before, 
recovery was not complete. The shortening in the latter cases was 0.00005 
inch in 2 inch gauge length, and 0.00002 inch remained on removal of the load. 
A load of 500 pounds was then applied and sustained 3 minutes during which 
time the shortening increased from 0.00006 inch to 0.00008 inch, and 0.00003 
inch remained on removal of the load. There was thus a definite “creep” of 
the Extensometers, and permanent set, at this small load of about 20 pounds per 
square inch. A similar condition was found with a load of 750 pounds and it 
was decided to observe the behaviour of a block under a sustained load of 500 
pounds. The results are shown in plate 1. It will be seen that the block 
yielded continuously for 3 hours 30 minutes, the load intensity being 20.8 
pounds per square inch. The yield is shown for both sides of the block. On 
one side the total was 0.00182 inch of which only 0.00009 inch, about 5 pey 
cent, was recovered when the load was removed. On the other side the total 
yield was 0.00047 inch, and recovery 0.00005 inch—about 10 per cent. The 
ice is therefore “plastic” under very small load at this temperature, viz. 29° 
F. As the block yielded, the screws operating the loading head had to be 
turned slightly to maintain the floating lever of the testing machine in mid 
position. Movement had practically ceased when the test ended, one extenso- 
meter showing no change during the last 15 minutes, and the other a change of 
0.00001 inch only in that time. Readings were taken every 5 minutes and were 
very regular. The deformations were noticeably different on the two sides. 
The mean of the two is taken as measuring the deformation due to the load. 
This continued yielding is evidently of the greatest importance in considering 
the question of ice pressure against structures. If the mean, total deformation, 
0.00023 inch, during the first 10 minutes be used in computing the modulus of 

we ’ 20.8 pounds per square inch by 2 inches 
elasticity (E), it would be 0.00023 inch = 180,800 
pounds per square inch whereas if the mean total deformation of 0.00114 inch 
‘during the whole 3 hours 30 minutes to be used, E would be 36,500 pounds per 
square inch. The value of E corresponding to the mean total deformation during 
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the first minute in which the load was sustained, was 489,000 pounds per square 
inch. As already noted, the block recovered only very slightly when the load 
was removed. 


STANDARD METHOD OF LOADING IN COMPRESSION TESTS 


The results of the test just described showed that it was necessary to adopt 
some standard rate of loading, as the movements of the extensometers due to any 
load increment will depend largely on the length of time during which the load is 
sustained before readings are taken. It was decided to apply the load in all cases 
in increments of 250 pounds. One operator moved the balance weight along the 
beam, while another operator kept the beam floating by rotating the screws of the 
machine. Extensometer readings were taken at different time intervals, there 
being one observer for each extensometer. Four persons were thus employed on 
each test, one of the machine operators giving the time signals to those reading the 
extensometers, and then adding load as soon as the readings were taken. In this 
way readings were made as follows:— 


At temperatures 28° F. to 30° F.—Intervals of 5, 10, 20, 40 and 80 secs. 

At temperatures 14° F. to 16° F.—Intervals of 5, 10, 20, 40, 80 and 160 
secs. 

At temperatures 3° F.—Intervals of 5 and 320 secs. 


The reasons for making tests at 3° F. at only two loading rates were (a) 
that less importance was attached to tests at this temperature than at the higher 
temperatures; (b) that time was limited, and the tests were intended primarily to 
determine whether the general conclusions drawn from the more extended series 
of tests at the higher temperatures would be supported by tests at the lower 
temperature. For these reasons the longer intervals of loading were used, and 
the tests bore out the conclusions already reached. 


DIRECTION OF APPLIED LOAD, AND DETERMINATION OF 
MODULUS OF ELASTICITY 


The loads were applied normally to the axis of the crystals, this being the 
direction in which pressure would act in a natural ice cover. The ice is not 
elastic except for extremely small loads, and as the loading progressed at any 
one rate, the deformation corresponding to a given load increment was found 
to increase. It follows that strictly speaking, there is no definite modulus of 
elasticity, and that values of E calculated from the deformations resulting from 
successive increments of load. as if the deformations were elastic, will decrease 
as the loading progresses. Furthermore, as the deformation under any load 
increases as the load is sustained, the values of E corresponding to any given 
range of load will decrease as the length of the loading interval increases. 

In order to obtain comparative results the following standard procedure 
was adopted:— 


The loading block was shimmed as described above when the load was 250 
pounds. All specimens were approximately 5-in. by 5-in., so that 250 pounds load 
corresponds to about 10 pounds per square inch. Most of the specimens were 
approximately cubes, but a few were about 10 inches long. These were noted in 
the Tables. The determinations in the 2 inch gauge lengths corresponding to 
successive increments of 1,000 pounds applied in four equal amounts of 250 
pounds with time intervals as noted, were found, and values of E caleulated 
from the mean increments. By plotting these values as ordinates on a base line 
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representing Ist, 2nd, 3rd, etc., increments of 1,000 pounds the variations of F, 
both with stage of load and with rate of loading, can be easily seen. The results 
of the tests at different temperatures are now submitted, after which notes are 
given of the general behaviour of the blocks. 


COMPRESSION TESTS AT 28°F. TO 30°F. 


(a) Moputus or Exasticiry—E 


Plate 2 shows the results at the different leading rates, and it will be seen 
that apart from the running together of the curves for 20 sections and 40 sec- 
tions rates at the higher loads, the values of E are progressively lower as the 
time interval of leading increases, and as the actual load increases. Each point 
plotted represents the average of 7, 8 or 9 tests, as will be seen from Tables of 
actual deformations in each test, and of average deformations quoted later on 
Pages 15-18. From these tables it 1s clear that at the higher loads the deform- 
ations in individual tests, depart more from the average for all tests, than they 
do at the lower loads. This may explain in part the overlapping of curves as 
noted above as the ice “flows” more rapidly as the intensity of loading increases. 
It should be emphasized that the averages of all completed tests are shown. No 
process of selection was used. Occasionally tests failed, as for example by dis- 
placement of extensometers due to local cracking of the ice, but the only tests 
rejected were for these or similar reasons. These remarks apply to tests made 
at all temperatures, and to both compression and bending tests. While there- 
fore the actual values of E might be altered somewhat if a larger number of tests 
could have been made at each rate of loading, it is improbable that the changes 
would be great, and that the general laws of variation would be invalidated. 
Tests at the lower temperatures gave similar results, and served to emphasize 
the extreme importance of the time factor. 


(b) GErNrRAL BEXIAVIOUR UNDER TEST—COMPRESSIVE STRENGTH—RECOVERY 
AFTER LOAD. 


The blocks were remarkably clear and free from flaws—so clear that ordin- 
ary book print could be easily read through them. The first outward signs of 
yielding occurred at loads from 2,500 pounds te 5,000 pounds. They were both 
audible and visible, and the term “crackling” was applied to them. Suddenly 
a slight noise would be heard, and one or more spots of a slaky appearance would 
develop in the block. These appeared to be due to breakdown between the 
crystals, and spread gradually, through the block. When they became numer- 
ous, the block was no longer transparent, but was described as “clouded.” Dur- 
ing this-stage the blocks yielded fairly rapidly, and the compression head had 
to be kept moving to preserve the weighing beam in the floating position. This 
was described as “fo!llowing.’’ Had the loading been maintained without further 
increment after “clouding” was well developed, the yielding would have been 
both continuous and rapid, but the predetermined rate of loading was main- 
tained, and the ice “flowed” continuously. Sometimes the loadings were con- 
tinued up to the capacity of the machine. 10,000 pounds, but no value can be 
assigned for the compression strength of ice under such conditions, as owing to 
the flow (even at the 5 seconds loading rate) the area under load was continu- 
ously increasing. Blocks originally 5 inches by 5 inches would flow beyond the 
edges of the loading plate, 6 inches square, and a length of 5 inches was fre- 
quently and rapidly reduced to about 34 inches under sustained high load at the 
end of a test. When specimens failed under such conditions the picces showed a 
tent-like appearance, the horizontal crystals piling up to form a ridge parallel 
to the loaded faces. 
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In tests made at lower temperatures the deformations were not so great, and 
the recovery was noted when the load was reduced to zero after reaching the 
capacity of the machine. At the temperature of 28°F. to 30°F. at which the 
first series of tests was carried out, the clouded appearance of the blocks, and 
the large deformations showed that recovery would be negligibly small. In 
many cases the blocks crushed after becoming thoroughly clouded, but as stated 
above no compressive strength can be quoted on account of the “flow” of the ice. 


COMPRESSION TESTS AT 14°F. TO 16°F. 


Moputus or ELASTICITY AND GENERAL BEHAviouR: Plate 3 shows the 
results of tests similar to those described in detail for temperature 28°F to 30°F. 
They are the averages of from 6 to 8 tests at each loading rate, and show the 
same characteristic with regard to the time influence as was shown at the higher 
temperature. The values of E corresponding to a particular stage of a given 
loading rate are higher than at 28°F. to 30°F., and the curve for the 5 seconds 
and 10 seconds loading rates are practically straight lines. 

At these loading rates the ice “crackled” as at the higher temperature, but 
to a lesser extent and generally at higher loads, so that in general the blocks 
were not clouded—when the maximum load of 10,000 pounds was reached 
None of the blocks failed under that load and only when the load was removed 
did they become clouded—faintly and fairly uniformly as a rule. The appear- 
ance of the blocks was very noticeably different from that at the higher 
temperatures, and it was only at the slower rates of loading that the character- 
istic behaviour noted at all loading rates at 28° F. to 30° F. was found. 

At these slower rates of loading the blocks were clouded during application 
of the load, and on removal of load the recovery was much less than in the tests 
at the 5 seconds and 10 seconds loading rates. (See tables on page 19 to 21). 
There is some overlapping or apparent irregularity in the curves for 40 seconds 
and 80 seconds loading rates, after loads of 4,000 pounds to 5,000 pounds were 
reached. It must be remembered that this is the stage at which deformations 
are considerable, and that the average of 6 or 8 tests only is available. The 
curve for the 160 seconds loading rate falls well below all the others, and bearing 
in mind the nature of the material and the limitations regarding the number 
of tests made, the results generally are reasonably consistent. Special reference 
is made on Page 25 to yielding of blocks at 14° F. to 16° F. under sustained 
loads of different intensities. A load of about 200 pounds per square inch— 
which is approximately that to which reference has just been made—may be a 
critical load, and the point will be discussed further. The values of “E” for 
small loads seem to be of the same order for all loading rates up to 40 seconds, 
the curves being bunched irregularly, for the first 1,000 pounds increment of load. 
This is perhaps not surprising. Deformations at these loads are much more 
nearly elastic than at higher loads, and are small. For loads longer maintained. 
greater deformations result, as the ice has a greater tendency to flow. Values 
of “EK” for the first 1,000 pound load increment are about 1,000,000 pounds per 
square inch for loading rates up to 40 seconds but for the loading rates of 80 
seconds and 160 seconds the values drop to 700,000 pounds per square inch and 
500,000 pounds per square inch respectively. 

The general evidence of these results is the same as that found from tests 
at 28° F. to 30° F.:—That the value of “HE” decreases as the load increases, for 
all rates of loading; and that for any given range of loading, the value of “E”’ 
decreases as the length of the loading interval increases. Furthermore, the 
corresponding “E” values are higher at 14° F. to 16° F. than at 28° F. to 30° 
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F. Thus for the 7th increment of 1,000 pounds (corresponding to a stress 
intensity of about 280 pounds square inch) and a loading rate of 5 seconds for 
250 pounds, “E” is 450,000 pounds square inch at 14° F. and 150,000 pounds 
square inch at 28° F. Values of “EK” at 14° F. for the loading rate of 160 
seconds are consistently higher than those at. 28° F. for a loading rate of 80 
seconds. Other comparisons substantiating the general conclusions drawn are 
readily made from the Plates, and are strengthened by the results of tests made 
at 3° F. as described below. 


COMPRESSION TESTS AT 3° F. 


Mopuuus oF ELASTICITY AND GENERAL BrHaviour. Tests were made at 
two rates of loading: 5 seconds for 250 pounds and 320 seconds for 250 pounds 
and the results are shown in Plate 4. The curve for the former rate is approxi- 
mately a straight line, the values of “EX” differing but slightly from those at 
14° F. The genera! behaviour was similar to that of the specimens tested at 
the same loading rate at 14° F., but at the loading rate of 320 seconds the 
characteristic “flowing” took place, as had been anticipated, and values of “E’’ 
are much lower than at the 5 seconds rate. They are, however, much higher than 
corresponding values, at 14° F. In fact, the curve for a loading rate of 166 
seconds at 14° F. is almost the same as that for the loading rate of 320 seconds 
at 8° F. The figures for the 5 seconds rate are the averages of 7 tests, those 
at 320 seconds rate being the averages of 5 tests. These results confirm the 
conclusions already drawn from the other tests. The time factor is the ali- 
important quantity at all temperatures. 


TABLES SHOWING DEFORMATIONS OF COMPRESSION BLOCKS— 
REFERRED TO ABOVE 


The following tables are submitted in detail to emphasize the general results 
already given, and to show how widely the deformations vary, particularly at 
the higher loads. The departure of individual readings from the group averages 
is much greater at high loads than at low loads, and at 30° F. than at 14° F. 
or 3° F., and yet the averages point clearly to the well-defined laws enumerated. 
The increase of deformation for each successive load increment of 1,000 pounds 
at any particular loading rate and temperature is clearly seen, as also the 
increase in deformation with lengthening loading interval for corresponding load 
increments. These comparisons are facilitated by the Summary Table on page 
—. It may be worth pointing out that the readings given are the deformations 
in a 2-inch gauge length corresponding to definite ranges of load. Owing to 
minor variations in the sizes of the blocks, the stress intensities for these ranges 
are not the same in all cases, so that a comparison of the deformations of any 
two blocks is not a true comparison of the values of ‘‘E”. A general compari- 
son is, however, both valid and instructive. 


N.B.—In the tables, the deformations in a gauge length of 2 inches, 
corresponding to a successive load increments of 1,000 pounds are shown, the 
unit of deformation being z,55 of an inch. The initial load was 250 pounds in 
all cases. 
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28h 270) 30° EF: 
5 sec. Rate Deformations in 2’’ gauge length Unit =0-001’’ 
Specimen Number 
Load Incr. Average 
of 1,000 lb. 10 11 35+ 36 45 46 49+ 

Metrics seine ds 0-085 0-060 0-115 0-100 0-060 0-055 0-135 0-087 
Qn eee Aes nolo 0-110 0-100 0-160 0-111 0-110 0-100 0-150 0-120 
OL CS TI toe oe 0-165 0-150 0-205 0-125 0-180 0-130 0-200 0-165 
ATOR Mane elo 0-275 0-165 0-260 0-160 0-375 0-200 0-300 0-249 
HULLS Pca tenis 0-465 0-215 0-350 0-170 0-520 0-275 0-365 0-337 
Gt eee eh hance 0-575 0-320 0-515 0-195 0-725 0-355 0-495 0-454 
(Dae eae OFO7OL|, seat 1-530 0-245 0-950 0-490 0-765 0-708 
Sth te e ee tense IGS lied ee sais aes 0-285 f- B30. Se fam eee 1-030) Isavs.s ere 
Oth, Samer atoneye ys QeAOD Gl geen sect lhe Serer: 0-295 Z070s\c acetal tee eae eee 
Size of Specimen, 4-96 x 4-95 x 4-85 x 4-90 x 5:00 x 4.97 x 4-86 x 

Inchesh.e. ese, 5-00 5-00 4-85 5:05 1 5-02 5-00 4-86 
10 Sec. Rate. Deformations in 2’’ gauge length Unit =0-001’’ 

Specimen Number 
Load Incr. Average 
of 1000 lb. 13 27 30 32+ 38 39 40 48+- 

A Stdencecca asec et 0-180 | 0-105 | 0-090 | 0-145 | 0-100} 0-115 | 0-080} 0-800 0-112 
PIG WAR rd ls el real let ocr 0-270 0-125 0-170 0-180 0-100 0-180 0-080 0-110 0-152 
SPD he Oe 0-410 0-160 0-360 0-245 0-120 0-220 0-250 0-125 0-236 
zl Se ne Oda, Oe weeny AeA, 0-550 0-270 0-590 0-310 0-160 0-500 0-545 0-145 0-384 
Sth eae eee cee ae 0-780 | 0-530 | 0-725 | 0-665 | 0-200 | 0-695 | 0-825 | 0-175 0-574 
Gibsons cleenie colors 0-960 0-840 0-795 1-080 0-215 1-185 0-950 0-195 0-777 
TEL oe ah ee cce eee 1-275 1-385 1-050 1-765 0-275 2-020 1-075 0-215 1-133 
SEU an soya aE ee 1-825 | ° 2-670) |) 71-6455) (4-410) 9 0°355)\) 13-8850) 1-055) Oe 260) eet eee 
Ot ees AS Sn ei on 2-870 5-105 SEZ D NI aaa eee 0-815 5-750 1-000 0-300 
Size of Specimen, 4:90 x} 4-90 x} 4-90 x} 4-95 x} 5-00 x} 5-00 x} 4-98 x} 4-87 x 

Tnchesy tee es Nes se Ne eae _ 4-90 5-00 4-93 5-00 5-03 5-00 5-02 4-91 
Per CENGME COVEY Ios, cxci| hess Hat Aah HEAL Oty | gue RA ete ate | ap adres ROOT SAN SIO le] PRN Bane | a ee 49 


+Specimens noted thus were approximately 10’’ high, all others being approximately 5” high. 


28° F. ro 30° F. 


20 Sec. Rate 


Load Incr. of 1,000 lb. 


MES he om ceapmarnenis SURI 0-110 
DANG bal Mpanpuacees caer roR ere erat 0-180 
STAR TR WA LISTS. took 0-260 
At 2d sreppetele sitet sss: 0-395 
DU eta cian sietoncte + 2-140 
Obl, BRR Sans 2-400 
MEM eters veers hoa puters aL 7715 
Sth eee e ety. Seats gaa ecilleke Sea 
Ot Ge orve’s aesteche seen eirate orate 


Deformations in 2’’ gauge length 


Specimen Number 


Unit =0-001” 


Average 

47+ 

0-090 0-153 
0-135 0-269 
0-180 0-448 
0-245 0-711 
0-295 1-281 
0-410 1-986 
0605 |e 
TO 20 gle etree 
4-95 x 

4-95 


16 29 34+- 41 42 
0-120 | 0-140) 0-135 | 0-220 | 0-220 
0-170 | 0-260 | 0-335 | 0-465 | 0-335 
0-285 | 0-455 | 0-700 | 0-785} 0-475 
0:440 | 0-965 | 1-335 | 1-155 | 0-575 
0-575 | 1-585 | 2-535 | 1-650} 0-670 
0-685 | 2-555 | 5-295 | 2-305 | 0-865 
Oc STO Mea OsOil a the il: 3-700 | 1-800 
L040 5/910 29900 locas nyse sree e e 4-620 
$e 295i a eel [daa s.c, 00.8) sehen see 14-50 
4-84 x} 4-90 xj 4-90 x} 4-95 x} 4-96 x 
4-90 *| 5-00 4-93 5-05 5:05 


Size of Specimen, Inches} 4-94 x 
5-00 
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28° F. to 30° F. 


40 Sec. Rate Deformations in 2’’ gauge length Unit =0-001’ 
Specimen Number 
Load Incr. oll See A verazre 
of 1,000 lb 50 51 52 163 164 165 166 167 168 
VSG AG ccc 3 ok SREP 0-230 0-400 0-120 0-105 0-185 0-125 0-195 0-105 0-085 0-172 
2nd. <3 hae 0-465 0-935 0-260 0-185 0-360 0-240 0-335 0-235 0-150 0-352 
SEG WA s:7 cb ee 0-595 1-465 0-380 0-335 0-595 0-340 0-535 0-380 0-240 0-541 
7 OWS Serge by ae 0-675 2-385 0-545 0-460 0-815 0-425 0-880 0-615 0-280 0-787 
Seba <> ae 0-710 5-215 0-675 0-630 1-145 0-470 1-705 1-080 0-340 1-330 
Cts: oct weet 0:795%)|.. 2 Bebe 0-850 0-665 1-925 0-515 3-815 1-710 O“S8S0 toa ee 
GEER. a sk PR Oe 8755|.4 Seb 1-135 | 1-080} 4-840 | 0-630 | 14-78 Sr OS0 Wueseoo0n hana wee 
Sthigscntreeiosion 102514 ener 1-410 | 2-180 | 22-13 ORGS weet ies Le 3 Caeel epee te 
OCbK Pe fi; 225n|. is eee 1-835 O-280h)\. sete 0-970) Ee ee | tee Ral elaeio: 
Size of Specimen,| 5-00 x} 4-89 x} 4-98 x} 4-98 x} 4-90 x| 4-95 x] 4-93 x} 4-97 x] 4:92 x 
Inchesss ht 5-02 4-97 4-98 5-00 5-00 5-06 5-00 4-99 5-05 
PSrveenterecOvs Ue ee he eee | teen ten Om eee cee eee | Perens eee 7A ary al hile are gress WA Rabe cate Ane ep hepa St 


+Specimens noted thus were approximately 10’ high, all others being approximately 5”’ high. 


80 Sec. Rate Deformations in 2’’ gauge length Unit =0-001”’ 
Specimen Number 
Load Incr. Average 
of 1,000 lb. 169 170 171 172 173 174 175 
[Stee sao ee 0-160 )-175 0-130 0-215 0-145 0-245 0-195 0-181 
Qn os eee: 0-465 0-330 0-385 0-545 0-270 1-165 0-475 0-505 
SEQ 5 RE Oe 1-095 0-465 1-085 1-015 0-455 1-400 0-700 0-881 
ACNE. cst ee a. 2-105 0-605 2-675 1-685 0-745 2-125 1-100 1-579 
Er 6p Ie yg Bi 4-675 0-810 5-810 8-545 1-425 4-900 1-580 3-249 
GENE cs oe cle ee ee TR OOS Mes eee 15-45 4807 | Pee eae SIEOPADE IS Aas een 
Lal i\s Sh est si SBGl eee Sahel Kok PRE AEYA To EUs scence, a a alt Bias fc sound 1 feat cette Me | a aaa IASOPAE .. |Nhs auninranterare 
Sth cs ees | fee eee ASTON es oem RR ITC re ctate ete riche Sedan oc ee, Pete ae Se UREA 
Size of Specimen,| 4-93 x 5:01 x 4-87 x 4-99 x 4:97 x 4-97 x} 4-98 x 
Inches... 5-00 5-03 5-00 5-02 4-98 5-04 5-01 


Summary or TeEsts aT 28° F. to 30° F. 


Average of Deformations due to 


Loading Rate Sra ap RAE SO SE OW A DARE AE SENET SS ECREST ON |'T OW op oS ae 
1st 1,000 | 2nd 1,000 ) 3rd 1,000 | 4th 1,000 | 5th 1,000 | 6th 1,000 | 7th 1,000 


DESO CS ene cinta sate wae g aes 0-087 0-120 0-165 0-249 0-337 0-454 0-708 
LOESOCS eerie eins cee te elste chee 0-112 0-152 0-236 0-384 0-574 0:777 1-133 
ZOISOCS Oe i tictopsrs do's Qo cnpe seine 0-153 0-269 0-448 0-711 1-281 IE OS Oni ita arr 
ADISCCS ace rarieg: ii sore Hesege. 0-172 0-352 0-541 0-787 LEB OM eae, seit 
SOUSCCS tite. ces See ances ee 0-181 0-505 0-881 1-579 Se 240) eee sats 


This summary table shows how the deformation corresponding to any given range of load increases 
as the loading rate becomes longer, and how the deformation corresponding to equal successive increments 
of load increases as the load increases, at any prescribed loading rate. 
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14° ro 16° F. 
5 Sec. Rate Deformations in 2’’ gauge length Unit =0-001” 
Specimen Number 

Load incr. of 1,000 {b6.._..__—---—--—@-@- | Average 

70 71 a2 73 74 75 85+ 87+ 
Lt eer ere ee 0-080 | 0-080} 0-085} 0-105 0-075 | 0-085 0-080 | 0-090 0-085 
PAG Bere MR Oe 8 CLAN, & 0-080 | 0-090} 0-105} 0-105 0-105 0-090 0-090 | 0-110 0-097 
STO AE spoke ee oon 0-100 | 0-120} 0-110 0-120 | 0-125 0-090 |} 0-090} 0-120 0-109 
AGO. « dv aac tnt ee 0-110 0-125 0-130 0-130 0-155 0-110 0-100 0-130 0-124 
Stee nicl Peace eee 0-120} 0-135} 0-145 0-150 | 0-205 | 0-120} 0-115] 0-160 0-139 
Gta ke sce oe. eee 0-145 0-170 | 0-045 0-170 | 0-180 0-125 | 0-125 0-190 0-139 
TE BRIS rae oh ee 0-165 0-195 0-020 0-195 0-290 0-135 0-150 0-215 0-171 
Sthiaiecl. Vee Ge. Eee 0-190 | 0-140} 0-070 0-225 0-315 | 0-170} 0-170] 0-265 0-193 
Othe ee ae a 0-230 0-240 | 0-005 | 0-275 1-135 0-165 | 0-215 0-305 0-321 


Per cent Recovery...... 70-0 67-0 95-0 31-0 49-5 77-5 58-8 65-8 64-3 


10 Sec. Rate Deformations in 2’’ gauge length Unit =0-001 


Specimen Number 
Load Incr. of 1,000 lb... -__L__Y_| Average 


0-086 
0-109 
0-138 
0-166 
0-209 
0-244 
0-295 
0-462 
0-666 
Size of Specimen, Inches} 5-00 x} 4-88 x} 4-97 x| 4-85 x} 4-85 x} 4-89 x} 4-93 x} 4-93 x 
5-00 4.93 4.98 4-98 4-88 4-91 4-94 4-94 
Per cent Recovery......|......-- 26-0 DASE 5 oll sien Sears 62-6 63-9 10-8 39-3 88-4 
-+Specimens noted thus were approximately 10’’ high, all others being approximately 5’’ high. 
20 Sec. Rate Deformations in 2’’ gauge length Unit=0-001’’ 
Specimen Number 
Load Iner. of 1,000 1b._ |__| Average 
64 65 66 80 81 82 83+ 89+ 
TSbacee eas baer wa lok deg 0-100 | 0-115 | 0-070 | 0-075 | 0-085 | 0-095} 0-110] 0-090 0-093 
On A snseost apescex eek 0-130 0-110 0-135 0-090 0-140 0-105 0-130 0-120 0-120 
S316 bak ne py we ee A A 0-120 0-255 0-245 0-135 0-185 0-140 0-180 0-140 0-175 
CO A A OR, COR MORE IREE 0-130 0-455 0-445 0-165 0-255 0-180 0-215 0-190 0-254 
Dthiheene re hence ee ee 0-175 | 0-680 |} 0-730 | 0-190} 0-330 | 0-385 | 0-285 | 0-225 0-375 
Oth Haste stoner eee: 0-240 | 0-800 | 0-790 | 0-210} 0-550} 0-530} 0-380 | 0-260 0-470 
Cb Naame a oa eee 0s285) lee ae 0-885 360 0-830 0-685 0-475 0-295 0-545 
Solines cree net te ee O SOOM see ee 1-120 0-645 1-140 1-095 0-655 0-320 0-761 
Othe eres eee eee 0: 37ON ee eee 1-780 | 0-975 | 1-810} 1-480} 0-905 | 0-370 1-100 


4-97 4-97 5-00 5-00 5-00 4-97 4-87 


Per cent Recovery...... D2 OM sles cee eal eetveroaks 19-4 23-6 18-3 30:8 70-6 30-7 
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14°F. 


To 16°F. 


433 


40 Sec. Rate 


Deformations in 2’”” gauge length 


Unit=0-001’ 


Specimen Number 


Load Incr. of 1,000 lb. Average 
90 91 92 115 127 128 129 
ES ieee Sos Bets Aebls.Sntt. casks Garnet team 0-030 | 0-150 | 0-110 |} 0-060 | 0-200) 0-110} 0-065 0-103 
Qe AeA Ree en ees 0-060 0-260 0-220 0-095 0-320 0-210 0-075 0-177 
Ey ge BROS cin cisoto Se ee 0-065 0-405 0-320 0-165 0-475 0-355 0-100 0-269 
rola Ne Rede A Pidl 2 Sa tei ea taken 0-095 0-495 0-410 0-210 0-660 0-520 0-105 0-356 
Sth Pee ee oad hie codeine h 0-340 1-085 7-10 0-465 0-870 0-790 0-140 
Ob Ditor ere ase eats hates ate, staxerereas 0-785 2-355 OS7S0" Pee 1-230 1-350 1-555 
TUDE cate PA et cee hats, thts 2-185 4-375 1-650 1-760 2-305 2-090 0-185 
SiN ee eRe eEye while a nreian weet, ae 6-065 | 11-56 DOM he woo A: 5-615 | 4-225 | 0-205 
Oe late eee mene A natesyercinedine chars wooo eNetree ote Nace vcenseer: AGHAST |e 15-77 | 10-30 0-220 
Size of Specimen, Inches........ 4-93 x| 4-87 x} 5-00 x} 5-00 x} 4:99 x} 5-00 x} 4-98 x 
5-02 5-05 5-02 5-00 5-00 5-00 5-02 
BRercentgerecovery pase. ott aae |i ct elee cee wee PACD eee 8 et Sa ea (Oe coe mg Re ae eed 72-0 
80 Sec. Rate Deformations in 2’”’ gauge length Unit=0-001’’ 
Specimen Number 
Load Incr. of 1,000 lb. Average 
126 130 131 132 149 150 152 , 
DF rs rs couch ea SO CARED Ducts Beco aes 0-125 0-140 0-060 0-155 0-200 0-080 0-175 0-134 
DAs |e Sysco oo DAL ORE TEER Teen 0-205 0-200 0-125 0-245 0-310 0-190 0-215 0-213 
SL eee eee ae oars Se ENS 0-270 0-230 0-170 0-400 0-440 0-230 0-220 +2800 
(NF a isata uch Sav Ga CIDIDe ARI Roe eres 0-380 0-275 0-265 0-535 0-560 0-270 0-225 0-359 
Stipe eRe nasser aoe 0-420 0-285 0-290 0-590 0-635 0-335 0-195 0-392 
CHO a cic bith Bsn TEL IRC RCIC IRE RRC 0-545 | 0-310] 0-355] 0-555 | 0-660} 0-400 | 0-225 0-436 
CULAR OI cok othe Scte oaks 0-935 0-215 0-450 0-585 0-755 O2000) hens nee 0-583 
St eee ee etn oe cern eran 1-460 0-265 8-545 0-685 0-915 0-665 2-630 1-024 
Oo] Oke AI eek ipo tap Olooch cio Peatior 2,470 1-100 0-825 0-775 0-980 0-955 5-340 1-065 
Size of Specimen, Inches......... 4-83 x} 4-94 x} 4-90 x} 4-96 x| 4-91 x} 4-92 x} 4-93 x 
5-05 5-04 4-97 4-97 4.93 5-00 5-02 
Per cent Recovery.............. 13-3 | 18-8 | 32-0 | 12-0 S50 SOB lacey hs 23-5 
160 Sec. Rate Deformations in 2’” gauge length Unit =0-001’” 


Load Incr. of 1,000 lb. 


Specimen Number 


OV} Average 


133 151 153 154 158 159 
ANS Ui petere eh ce cherie oe nie iio ease Reet Sictaveynaieneee 0-080 | 0-185 0-400 | 0-195 0-175 0-135 0-195 
Deel oe ks dee Be ete ie Re PES aan ir 0-130 0-370 0-635 0-400 0-340 0-355 0-372 
Sy0 |e ne Ae cere RO, A) ear 0-185 0-545 0-860 0-675 0-455 0-670 0-532 
CNT. «eso erOe Oaee Oe TO OEE ceo te TinCan 0-250 0-845 1-130 0-975 0-550 1-265 0-669 
5] OY Se trneie Peck Oso ey ERITH eck ce CREAT Bre Oe Ie Oe 0-255 1-120 1-680 2-400 0-555 4-845 1-809 
SLL Wasa Bs Hos RD Gee ceed cee ook Ot Ce eee 0-270 2-270 AAS De lite socoote O=460F neaeeees 
TRAD An oisiiie an Ere eo RR Po kee Pe Dee EE Om 0-325 ll OL eee ae: 14-19 T3850. aes sae 
SUL ara ia es Me shee Se secgd eee e:s Os OMe ee avert billsth ceteris |e aeeiare es ate 9-455 |........ 
it See bee: Gea Meer Comma conc Y OREO OSSD miMeerer orl te ccc nelle natere are lis aictaeteersi|ia Mere cierere 
Size of Specimen, Inches................. 4-90 x| 4-89 x| 4-97 x] 5-00 x| 4-93 x} 5-00 x 

4-91 4-94 4-99 5-02 5-03 5-02 
IBOTICCNUPE CCOVELY Rote eck Ghsasnieosscick PASRODA. oa Ie: apa tu | Me a eh te [Aaa Rate oo RE RRS ea | cee 


+Specimens noted thus were approximately 10” high, all others being approximately 5’” high, 
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SumMARY oF Tessts AT 14° F. To 16° F. 


Average of Deformations due to 


Ist 2nd 3rd 4th 5th 6th |! 7th 8th 9th 
1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 


Loading Rate 


D SOCS Nacitacisieyioyeusie reese 0-085 | 0-097 | 0-109} 0-124] 0-139 | 0-139] 0-171} 0-198 0-321 
LO SCS re aacisneiian nee ea 0-086 | 0-109 | 0-138 | 0-166 | 0-209 | 0-244] 0-295 ]........ 
Q0iSOCB ern do Nast «eet Te 0-093 | 0-120 | 0-175 | 0-254 | 0-375) 0-470}........]........ 
FANS Radoonen So abein dace O1039) 20-1779) 1022695) 10-3569) KO-C29I) ee one eaeyaeiee at cl ceiceyae 

SONSOCS.S . eaters gies <cetonts 0-134 | 0-213 | 0-280} 0-359 | 0-392 | 0-486] 0-583} 1-024 1-065 
LOO: sees ...h. irate kee 09959) 20:372i1 105329) FOs669 8 PU SOON ser aseecl aoe esl oGlacieeee 


This table shows the same general results as those noted already at 28° F. 
to 30°F. There is, however, some irregularity in the deformations at the 
80-seconds rate. These increase continuously for successive load increments, 
but the deformations for the 5th and 6th thousands of load do not fit in with 
the general law shown by the other columns as read vertically, being less than 
those noted at the 40-seconds rate. Whether this is the chance result of aver- 
ages or not cannot be stated definitely, but it may be noted that it occurs at a 
loading stage (about 200 pounds per square inch) at which certain peculiarities 
seem to arise very frequently. Reference will be made to this later, when con- 
sidering the effect of sustained loads of different intensities at this temperature. 
The reduction in the rate at which deformation increases as the loading increases 
is so marked at the 5-seconds loading rate that the average for the 6th thousand 
of load is the same as for the 5th thousand. 


2a TOia, Le 


5 Sec. Rate Deformations in 2’” gauge length. Unit =0-001//———_ 
Specimen Number 
Load Incr. of 1,000 lb. | Average 
182 184 185 186 187 188 189 
TSG Fock. dito Slere Sye.cls Cee Seen en ee 0-080 |} 0-110 | 0-080 | 0-105} 0-060} 0-070} 0-075 0-083 
Dine eae ss oetere ieet Bethe We BRL recta 0-070 0-115 0-075 0-110 0-075 0-085 0-070 0-086 
SEC Ee cesses Lees eas We eae cee 0-085 0-125 0-095 0-125 9-090 0-085 0-110 0-102 
BC ooo sciie Ae oe Oa os A OT 0-085 0-130 0-095 0-185 0-105 9-095 0-105 0-114 
OT Ad ipropecrctear Git eerste trenctecescdeiorrt cawcecen 0-110 0-140 0-115 0-210 0-125 0-125 0-130 0-136 
Oth Se i ete ba See ane 0-110}: 0185 1970-140: |50:370) 190-150 |2.. 0: 0-140 0-183 
iG beer eer vs inte orien erie 0-150 | 0-470 | 0-145 | 0-530} 0-315 }........ 0-120 0-288 
Silas Pare teste wc OO eS TEN 0-130 | 0-295 | 0-180] 0-355 | 0-200 ]........ 0-045 0-201 
OE en ee LAs Sans ha alee 0-150 | 0-200 | 0-185 | 1-530} 0-340 ]........ 0-170 0-429 
Size of Specimen, Inches........ 4-95 x} 4-96 x| 4-95 x} 4-87 x| 4-92 x} 4-93 x] 4-93 x 
5-02 4.96 4-96 5-00 4-96 5-00 4-98 
Per cent Recovery.............. 68-0 73-0 OOM eect As Oe laos cpctane ce 66-0 63-6 
320 Secs. Rate Deformations in 2’ gauge length . Unit =0-001” 
Specimen Number 
Load Incr. of 1,000 lb. a} Average 
196 197 201 202 91'=*203 
ASG: oa teivedions esd beh seer ACOA Ten ene eee 0-115 | 0-285 | 0-245 | 0-220] 0-120 0-187 
73.16 BaP RS eR a TMU COE ERA FAN HP Oe opt te Lg a 0-190 | 0-485 | 0-480 | 0-375 | 0-290 0-364 
4 <8 lbp a ean ae ieaeoertn Nib OB a tend Te abe oo 4 8 0-215 0-825 0-795 0-500 0-355 0-538 
CAS re A A ee abs bee bbb ih Pogd Rees EIB | 4,46 0-245 1-160 1-170 0-630 0-460 0-733 
DUN ees Share ne alles aides tenets Lane eae Deere 0-355 | 2-160 | 1-965 | 0-690 | 0-720 1-178 
(i BG Ae AE A Rei res AINA Se Ba Shae Mee hae ole Fe cali € 0-475 | 5-300 | 2-705 | 0-980 | 1-375 2,167 
EGA: sh cus hes oe pers oasis love oyeact hen tice tee ee eee Oc5150 |e. cae ee lee ree AP 520M et 
e018 gcd Aap Mine Abe aN tert! AM RM ad oY | ad. te 02680) nc eee | eee aoe eccec 
Oth ie. fechas Wien eheer ee ae ee eee ECR CECE: 2 O00 uae see alee eae bine. eal aie i a 
Sizexon ppecimen, Lunches. eee sc oes eeee 4-92 x} 4-94 x] 4-87 x} 4-93 x] 4-95 x 
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These results show the same characteristics as were found at the higher 
temperatures. Deformations (average) increase progressively as the loading 
increases at the 5 seconds and 320 seconds loading rates, and are much greater 
at the latter than at the former. There is some irregularity at about 8,000 
pounds load at 5 seconds, similar to that noted at 14° F. to 16° F. at loads of 
5,000 pounds to 6,000 pounds. The deformations are noticeably less for the 
8th thousand than for the 7th in five cases out of six, and this effect is well 
marked in the average column. It is possible that there is a critical stress at 
about this load at this temperature, and that such a critical stress exists at all 
temperatures well below 32° F., increasing in value as the temperature is reduced. 
The evidence of the above tests, and of others, at sustained loads at 14° F. to 
16° F. tends to support such a view. 


SUMMARY OF COMPRESSION TESTS AT DIFFERENT LOADING 
RATES AT TEMPERATURES RANGING FROM ABOUT 
10 A HR GR Ae Ca 


The results of the above tests are conveniently summarized for comparison 
in the following table. Average deformations of all tests under each particular 
condition are tabulated, firstly for different loading rates at a given tempera- 
ture, and secondly for the same loading rates at different temperatures. Apart 
from the irregularities at certain loads referred to above, the deformations at 
any given temperature and stage of loading increase as rate of loading becomes 
slower, and at any given loading rate they decrease at any given stage of load- 
ing as the temperature drops. 


DEFORMATIONS IN 2’ GauGE LENGTH 
Unit=0-001” 


Loading Rate Increments of 1,000 lbs. load 
Secs. _—$<—<$—$—————————————— ee} Temp, 


ee ee ee ee ee ee EE 


Diasenetlonsa dette 0-087 | 0-120 | 0-165 | 0-249 | 0:337 | 0-454) 0-708 |........]........ 
LI) S ey i thes hao ee 0-112 |) 0°152) |) 0-286: || (0-384 | 0-574. |) 0-777 | 1-133 Foes. l se... 28° F 
7AURS Red 56h a See 051533) PUO?269R | OF 4485 OST oie 28 18 IPI OSGs ave terete ip, Sen P ea) oe t 
‘ Rerocteubgnoser ON? |e O35 20254 te OS Siu) eel Sok |e yeasty «|| itcleneaes sl. <auenineae ty Gs eae: 30° F 
SO sae tersetices's OSIST S| 0 O05n|e OcSSlu| aco (On| gol 24a. [eevee teller teat Ace te eee, 
Dts esters ees 0-085 | 0-097 | 0-109 | 0-124} 0-139 | 0-139] 0-171 | 0-193] 0-321 
LOS Secrecy hs arvain 0-086 |} 0-109 | 0-138 | 0-166 | 0-209 | 0-244 | 0-295 |........)........ 14° F 
ZOIGE «ARRAN eo. re OFO9S EO -A2ONE Oah7 Sp MO 2547 FCO S574 Oe 470 -peeten| tomate el.) es to 
40 9.2 ao steht ase OOS Oe icelinOs209s Orson mmO029 |. cabins tap png. ageless 16° F 
CU ieaieanaonneas 0-134 | 0-213 | 0-280 | 0-359 | 0-392 | 0-436} 0-583 | 1-024] 1-065 
MGOE yarns eke OA9SaP TOAST 2) (7 0082m8| OZ669R Gf Te S092 82 arr. o.\nctae esr. [eras tas <li icin oe 
Deaeis SERS Eee 0-083 | 0-086 | 0-102 | 0-114] 0-136] 0-183 | 0-288 | 0-201 | 0-429 a oy 
OL0MSS ou eele ss O-1 Si OrSGLallt O-58Sh POeisam (eke L ZS | O25 167 Aenean a archos crsetortes to 3° F 
Dee vast oe atts 0-087 | 1-120] 0-165 | 0-249 
SRO ttist . Bs. 0-085 | 0-970 | 0-109 | 0-124 
ie ee ae coe 0-083 | 0-086 | 0-102 | 0-114 
LOSS esas Se 0-112 | 0-152 | 0-236} 0-384 
OB Baca Sonne 0-086 | 0-109 | 0-138 | 0-166 
does Sin ohh OO 0-153 | 0-269 | 0-448 | 0-711 
20), ets cyetetoit pies: 0-093 | 0-120] 0-175 | 0-254 
0-172 | 0-352 | 0-541 | 0-787 
0-103 | 0-177 | 0-269] 0-356 
0-181 | 0-505 | 0-881 | 1-579 
0-134 | 0-213 | 0-280} 0-359 
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The great deformations at 28° F. as compared with those under correspond- 
ing conditions at 14° F. are very obvious, as also is the fact that the deforma- 
tions at 28° F. increase much more as the rate of loading becomes slower than 
do the corresponding deformations at 14° F. These results are of great signifi- 
cance in considering the pressure which ice can exert against such structures 
as dams. 


DEFORMATIONS UNDER SUSTAINED LOADS AT 14°F. TO 16° F. 


A series of tests was made to determine the deformation under sustained 
compressive loads of different intensities, ranging from about 100 pounds per 
square inch to 400 pounds per square inch. The load required to produce these 
conditions was applied in all cases at the rate of 250 pounds per 5 seconds, and 
the deformations then read at regular intervals under sustained load, the weigh- 
ing beam of the testing machine being kept floating by rotating the screws as 
the blocks yielded. The mean of the readings of two extensometers was taken, 
as in all previous tests, and the curves showing deformations plotted against the 
time during which the loads were sustained are very regular. (See Plate 5.) 
Only a sufficient number of points are plotted to enable curves to be drawn. All 
deformations were measured in 2-inch gauge length. 

A load of 103 pounds per square inch maintained for 34 hours caused a 
total deformation of 0-0016 inches, and a load of 300 pounds. per square inch 
caused a total deformation of 0-022 inches in about 8 minutes. The curve for 
a load of 400 pounds per square inch could not be plotted on the same time 
scale, being practically coincident with the deformation axis. The form of the 
curves for loads of 103 pounds per square inch and 300 pounds per square inch 
suggested that there might be some particular load intensity for which the curve 
would be a straight line, and several tests were made to investigate this point. 
Curves are shown for load intensities of 150, 175, 190 and 198 pounds per square 
inch. It will be seen that these curves fall in regular order, and that there is a 
large field open between the curves for 190 pounds per square inch and 198 
pounds per square inch. This is specially interesting in view of the results 
already noted in the tests under loads applied at different rates, when it was 
found that deformations per 1,000 pounds of load increment were frequently 
less for, say, the 6th thousand than for the 5th thousand. This peculiarity or 
irregularity was generally observed at a load of about 200 pounds per square 
inch and the sustained load tests showed that for load intensities of this order 
the informations vary greatly. Thus at 190 pounds per square inch the total 
deformations in 14 hours was 0-0066 inches, and at 198 pounds per square inch 
it was 0-027 inches in about 45 minutes. Reference to the tables for progressive. 
loading at different rates at this temperature shows that the deformations for 
the higher loads varied very greatly, the departure of individual readings from 
the average being distinctly greater, at large loads than at small loads. The 
curves shown for sustained loads are for single tests only, but it is improbable 
that the regular order in which they lie is the result of chance. The evidence 
points towards the view that at a load intensity of about 200 pounds per square 
inch the ice is in a critical condition. There may be some inter-crystalline slip 
or cleavage at this load, followed by yielding of very variable rate, which can- 
not be predicted from the appearance of the ice as seen by the eye. It is also 
interesting to note that the modulus of rupture found from the beam tests 
described later was of the order of 200 pounds per square inch. 


St. Lawrence Waterway Project 437 


Irregularities in the deformation per 1,000 pounds of load increment were 
also noted at 3° F., but at higher loads. No sustained load tests were possible 
at this temperature, but it may well be that there is a critical load at this tem- 
perature, of a higher value than that suggested by the tests at 14° F. 


BENDING TESTS—MODULUS OF ELASTICITY AND MODULUS 
OF RUPTURE 


A number of bending tests were made at the same temperatures as in the 
compression tests described above, and at different loading rates. In all cases 
the beams were approximately 3 inches wide by 2 inches deep, and the span was 
41 inches. Glass or brass bearing plates were placed between the beam and the 
supports to distribute the pressure, and the load was applied in increments of 
1 pound at each of two loading sections 14 inches from the supports. Half-round 
wooden-bearing blocks were placed across the beam, and cords were passed 
over the top and notched ends of these, being kept vertical and close to the 
faces of the beam by wooden spacing bars at a convenient distance below the 
beam. A cord attached to the centre of the spacer bars carried a circular piece 
of wood on which the slot weights were placed, to load the beams. The sup- 
ports were carried on a heavy lathe bed, on which was set a telescope by which 
the central deflections were read on a small steel scale attached to the face of 
the beam by freezing in place under a small pressure. The deflections were 
estimated to 0-001 inches. (The general arrangement is shown in the blue print 
at the beginning of the report.) 

Preliminary tests showed that the recovery was not complete even for very 
small loads, and that the deflection increased continuously over long periods 
under sustained load. It was decided to make the tests at different loading 
rates, the procedure being as follows:— 


After the zero reading of the scale had been taken, each of two operators 
added 1 pound load at his stirrup, and the deflection was read say 5 seconds 
later. Similar loads were added and deflections read every 5 seconds until the 
beam broke. Tests were made in the same way with loading intervals of 10, 
20 and 40 seconds at temperatures approximately 14°F. and 28°F. Time did 
not permit making tests at 3° F. 


In all cases the deflections per pound increment of load increased as the 
loading proceeded, so that values of the modulus of elasticity computed for 
successive stages of loading would show continuously decreasing values. 
Approximations to the form of the load-deflection curves were made by draw- 
ing two straight lines, representing the first and second stages of loading, the 
latter extending to the point of fracture. This was deemed to be sufficient, as 
the results cannot be compared as simply as those for the compression tests. 
In the latter the blocks were all approximately 5 inches by 5 inches, so that 
deformations due to a given load were comparable. But in the case of the 
beams, the specimens could not be prepared so easily to a definite size, and 
variations in breadth and depth, particularly the latter, affect the stress due to 
any given load. All the beams broke suddenly and fracture occurred at or near 
the loading point. The modulus of rupture and values of “E” corresponding 
to the two stages of loading defined above were computed for all beams, and 
the results are shown in the tables appended, and in plates 6 and 7. Tests were 
made with crystals horizontal and vertical, the average of three tests being 
given, except in cases where only two tests were made. 
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Examination of the results shows in general:— 


(1) That values of “E” are somewhat greater when the crystals are vertical 

.. than when they are horizontal. 

(2) That values of “E” are greater at 14°F. than at 28°F. under similar 
conditions. 

(3) That values of “E” decrease as the load increases under all conditions 
and generally as the length of the loading time interval increases for 
both stages of loading. 

(4) That the modulus of rupture is about the same value for crystals 
horizontal and crystals vertical, but is much greater at 14°F. than at 
28°F., the average of all tests at these temperatures being 226 pounds 
per square inch and 171 pounds per square inch respectively. 

(5) That the modulus of rupture does not vary much at the different load- 
ing rates. 


Other comparisons may appear from a study of the results, but it is worth 
suggesting that there may be a connection between the modulus of rupture and 
the load intensity at which certain peculiarities were noted, particularly at 
14°F., during the compression tests. These have also been referred to in 
describing the results of tests at 14°F. under sustained loads, and the evidence 
suggests that a critical condition, possibly related to inter-crystalline displace- 
ments, exists at a load intensity of about 200 pounds per square inch. The 
average modulus of rupture for 24 beams at this temperature was 226 pounds 
per square inch. 

In the compression tests at 28°F. to 30°F. the deformation increased con- 
tinuously for successive load increments of 1,000 pounds. There were no cases 
similar to those at 14°F., in which the actual deformations for certain of the 
later increments of load were less than those for earlier increments. But the 
tables show that in many cases, such for example as Specimens 36, 45 and 49 
at the five seconds loading rate (page 16), the increases in the deformations 
per 1,000 pounds of added load were less between the 4th and 5th thousands 
than between the 8rd and 4th. The average modulus of rupture of 21 beams was 
171 pounds per square inch, which corresponds to a load of about 4,250 pounds 
on a 5-inch by 5-inch cube. 

This distinct lagging in the deformations at higher loads was noted also 
in some of the compression tests at 3°F., and occurred at higher loads than 
those at which it was noted at 14°F. No beam tests were made at 3h 80 
that modulus of rupture values are not available, but the evidence so far as it 
goes is consistent and interesting. Tests on the compressive or crushing strength 
of ice showed that it becomes greater as the temperature is lowered. (See page 
441.) This also is consistent with the results just described. 
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BEAM TESTS AT TEMPERATURES FROM 28°F. TO 30°F. 


a First Stage Second Stage iB toad 
No. B D Crystals Bending i Modulus of ae a each 
stress rupture ShisE Up a0 
ins. ins. lb. per sq. E lb. lb. per sq. E lb. 
: in, per sq. in. in. per sq. in. 
O87 Peace ter 2-89 TO7m ElOrs. oe 84-5 836,000 167 555,000 
QOe renee 2°99 1-99 ea i ba 81-8 745,000 190 622,000 5 secs. 
Mean 83-0 790, 000 178 588, 000 
Skew Geet 2-90 USO0 a Vexrtwaaasexe: 81-0 750, 000 177 429,000 
URES Fees 2-90 1-95 ee ae, ot 101-0 602,000 200 316,000 
PAV SAE ARB Hie 3-00 1-95 See a PE 61-0 670,000 134 462,000 - 5 secs. 
Mean....... 81-0 674,000 170 402,000 
ee Scat 2-89 1eSGup PELOLs aaeeere 76-2 686, 000 160 386, 000 
Ole se 2-92 1-93 Sakae Pam 94-0 533 , 000 187 330, 000 10 secs. 
Mean.. 85-0 610,000 173 358,000 
Deere ee: 2°86 D938 Merb. onsen 72-0 790,000 143 566, 000 
Dire Pete ose. 2-90 1-90 ene eore 105-0 682,000 210 423,000 
D3e Metin 2-90 1-92 Aine: Ste ae 79°5 780,000 158 450,000 10 secs. 


Mean....... 85-5 751,000 170 480,000 


N.B.—AIl beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 


BEAM TESTS AT TEMPERATURES FROM 28°F. TO 30°F —Continued 


lee First Stage Second Stage Vibvisad 
No. B D Crystals Bending pe Modulus of AU es Liege 
stress rupture urup + 
ins. ins. lb. per sq. E lb. lb. per sq. E lb. 
in. per sq. in. in, per sq. in. 
1 Cee 3-00 UsOS Me MEOT eter 69-6 473,000 129-5 247,000 
Ob Raat s es 2-99 1-98 St ato ae 81-0 427,000 138-5 256,000 
Meaneaeer 75°3 450,000 134-0 251,000 20 secs. 
DAR aie « 2-92 LOOM INeTbsae etree 100-0 640, 000 229-0 434,000 
5 eee ee 2-90 1:95 Mey cree, de 116-0 830,000 306-0 579,000 
DA bstceieoee 3°04 1:94 CR cee tae a 83-0 513,000 193-0 227,000 
IMe@ane cheer, 100-0 661,000 243-0 413,000 20 secs. 
WD AS aa Seus 2-86 1030 Horta. 87-3 415,000 158-0 164,000 
a WAC Sree 2-90 1-86 poe ee AA. & ass 84-5 335,000 135-0 163, 000 
17S seek 2-97 1-93 18 on. Be 77-8 315,000 131-0 150,000 
Mean. aa. .a. 83-2 855,000 141-0 159,000 40 secs. 
179 eae 2-85 IOS \Vertena- ca 99-4 218,000 197-0 127,000 
ASO Panera 2-83 1-95 RES Rated 71-5 473,000 126-0 191,000 
1ST 2-98 1-85 AED SEN See 75°3 531,000 133-0 239, 000 
IWeantnt.. 82-1 441,000 152-0 


186,000 40 secs. 


N.B.—AlIl beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 


440 St. Lawrence Waterway Project 
BEAM TESTS AT TEMPERATURES FROM 14°F. TO 16°F. 
it First Stage Second Stage finoioad 
No. B D Crystals Bending Modulus of Se i aes i 
stress rupture Pp 
ins. ins. Ib. per sq. E lb. lb. per sq. E lb. 
in, per sq. in. in. per sq. in. 
Gece once 2-89 190 MilHor.. «ch soe 113-5 690,000 210-0 582,000 
635e ee .. 3-00 1-75 Sas ale Ea 119-0 975,000 232-0 695,000 
LAO Rr 2-92 1:96 Prerane Seat 129-0 866, 000 253-0 770,000 5 secs. 
Mean 127-0 844, 000 232-0 682,000 
G2 een 2-91 1-84 |Vert 94-5 877,000 205-0 713,000 
LSS 2°89 1:90 RP Aia eSB yi: 113-5 787,000 178-0 692,000 
1 ee i eae 2-85 1-93 errr ied ahel 112-0 761,000 191-0 660, 000 5 secs. 
Mean 107-0 808 , 000 191-0 688 , 000 
1S 7a. 2-90 WSC 7 Ae ELOL AC nae 115-5 721,000 266-0 614,000 
5S cee 2°89 1:96 a sets eras 84-5 685, 000 213-0 541,000 
DO eeu. 2-88 1:94 Lien Meet. 94-0 637,000 172-0 472,000 10 secs. 
Mean 95-0 681,000 217-0 542,000 
COMES... 2-89 1 OO Mi Verbanic 119-0 874,000 237-0 643, 000 
LSS 2-85 1-95 Hs res deka 102-0 672,000 203-0 554, 000 
LS Ore a re 2-78 1-86 a OP) tl 104-0 714,000 209-0 490,000 10 secs. 
Mean....... 108-0 | 753,000 216-0 562,000 


N.B.—AIll beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 


BEAM TESTS AT TEMPERATURES FROM 14°F. TO 16-F.—Continued 


First Stage Second Stage 1 Ibi load 
Test 
No. B D Crystals Bending Modulus of here ns 
stress rupture Pp 
ins. ins. lb. per sq E lb. lb. per sq. E lb. 
in. per sq. in in. per sq. in. 
a etaaaner 2-90 LOO mElore tor 101-0 586, 000 209-0 299, 000 
yO a Fees 2-88 1-97 Ye eee: 136-5 598, 000 256-0 387, 000 
AI hoa t 2-90 2-00 Sear tae 125-0 692,000 219-0 524,000 20 secs. 
Mean....... 121-0 625,000 228-0 403,000 
WO ristereirs 2-94 1-85 |Vert 107-0 670,000 201-0 400, 000 
BYP en ana 2-86 1-87 ea She gn 93-0 637,000 202-0 345,000 
ISO Sheree 2°89 1-99 eee eee 112-0 653, 000 222-0 447,000 20 secs. 
Mean 104-0 653, 000 208 -0 397,000 
LAS ines 2-86 1 OG HHOrl.. eae 109-0 526,000 246-0 352,000 
1 2 ee eee 2-96 1-96 Tae ae 121-0 608, 000 301-0 424,000 
45 ae 2-84 2-01 Sante Sips 105-0 710,000 296-0 522,000 40 secs. 
Meanie aan 112-0 615,000 281-0 432,000 
LAG eee 2-90 1-95 |Vert 93-0 566, 000 230-0 274,000 
147. 2-91 1-90 Pe ne Bee, 105-0 712,000 177-0 465,000 
VAR eee arte 2-91 1-93 Caen ees 100-0 948 , 000 311-0 558 , 000 40 secs. 
Mean....... 99-0 742,000 240-0 432,000 


E was computed from the central deflection. 


N.B.—AlIl beams were supported freely on a span of 41 inches, and loaded equaliy at sections 14 inches 
rom each support. 
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COMPRESSION OR CRUSHING STRENGTH OF ICE 


The tests described above show that the term “compression or crushing 
strength of ice” is meaningless in itself. The behaviour of ice in compression 
is different at the same rates of loading at different temperatures, and at differ- 
ent rates of loading at the same temperature. The time-factor is the all import- 
ant quantity. To obtain characteristic compression fractures the load must be 
applied rapidly, so that the ice has no opportunity to “flow”, and tests were 
made at different temperatures with this principle in mind. After preliminary 
experimenting it was found that two operators, one moving the balance weight 
along the lever and the other rotating the screws of the machine, could apply 
the load continuously, at the rate of 1,000 pounds in 2 seconds. This was the 
most rapid rate which could be controlled, and was adopted as a standard. In 
some cases the blocks did not fail under 10,000-pound load (approximately 
400 pounds per square inch) applied at this rate, and tests were made in which, 
the balance weight having been set at a given reading, the screws were rotated 
as rapidly as possible so as to apply the load quickly. Sometimes the blocks 
carried 400 pounds per square inch applied in 12 seconds and in other cases 
the blocks failed before the beam floated, so that the load carried was not 
known. When the 5 inch by 5 inch blocks did not fail at the full capacity load 
of the machine, smaller specimens were cut from other 5 inch by 5 inch blocks 
and tested at the standard loading rate. A summary of tests made at tempera- 
tures about 14° F, 2° F, and 28° F is appended, this being the order in which 
tests were made. 


14°F. 


LOADS APPLIED AT RATE OF 1,000 POUNDSIN 2 SECONDS NORMALLY TO CRYSTALS 


Pound 
Number Size Maximum | per square Remarks 
load inch 
at failure 
inches lb. 
LOD rere E rss ect adeoereehs 4:90 x 4-94 10,000 Not fail |Faint crackling 8,250 pounds. 
Flowing under maximum load, 
LOD ee Rie yc Be! 5-02 x 5-01 10,000 s Crackling, medium clouding when load 
was removed. 
HO See cos coi each ean tetaty tal: 4-82 x 5-00 10,000 : Crackling. Heavy clouding with 10,000 
pounds sustained. 
TOS. PEN es ees, 4-78 x 5-00 10,000 as Light clouding upper part after unloading. 
ES eee oor 4-87 x 4-96 10,000 - Faint crackling. 
i fel Yeah. cP: AREAS es, REN 4-45 x 4-49 10,000 “ fe ; 
INK ene ok: see becne Anon 3:99 x 4-00 10,000 7 Loud crackling. Load 625 pounds per 
square inch. 
U7 3 ia inne hee OE aN 4-00 x 4-16 10,000 se Loud crackling. Load 600 pounds per 
square inch. 
1G Ke) Sena Seer eens 3-06 x 3-39 7,250 672 Typical compression failure. 
Omer retyecer eras hse a ayege 3:41 x 3-37 3,250 282 c ce 


MSE MiAcciy «nett nte 6 ak ate 3°41 x 3-39 8, 250 715 3 


Norr.—All specimens were approximately 5 inches high. Numbers 119, 120 and 121 were cut from 
the same block. 
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14°F. 


LOADS APPLIED SUDDENLY (TIMES AS STATED) NORMALLY TO CRYSTALS 


442 
Number Size 
inches 

TOS ERA Teac 4-78 x 5-00 
TOSI. tad 4-78 x 5-00 
LO owe he fee 4:78 x 5-00 
TODS eye ce et 4-78 x 5-00 
LOD: Foes wee 4-78 x 5-00 
TOSS tas este 4-78 x 5-00 
105 ee eek 4-78 x 5-00 
1063 eee 4-98 x 5-00 
LOTR LE 4-87 x 4-96 
aS eee 8 Wi Wan et 4-45 x 4-49 
LL See Ce re 4-04 x 4-08 
122) Mes Se 4-98 x 5-02 


Pound per 
Maximum |squareinch| Time 
load at failure 
lb. secs 
10,000 Not fail ooo 
10,000 “i 3-0 
10,000 s 2°4 
10,000 s 1:8 
10,000 se 1:4 
10,000 HY 1-4 
10,000 sf 1-4 
10,000 <a 1-4 
10,000 “ 1-2 
10,000 501 2-0 
8,250 502 1-4 
10,000 Not fail 1:2 


Nore.—All specimens were approximately 5 inches high. 


LOADS APPLIED AT RATE OF 1,000 POUNDS IN 2 SECONDS. 


Number Size 
inches 
LOO Tree, 2-98 x 2-96 
191 5.08% 2:95 x 3-00 
+192... 0.4). 2:92 x 2-95 
OS yee 2-95 x 3-00 
POSS Ny ore ete 2-94 x 2-96 
195 2:93 x 2-93 
LOS, 2-97 x 3-00 
1990 tre. 2-91 x 2-85 
7A Vardive Bene 2-99 x 3-00 


crystals 


Normal 
“ce 


“ 
Parallel 


“ 


Normal 


“ee 


Maximum 
load 


lb. 


8, 500 
6, 500 
5, 750 
8,250 
6, 750 
10,000 


5,000 
7,250 
9-250 


Pound per 
square inch 
at failure 


N.B.—AII specimens were approximately 5 inches high. 


Remarks 


Load applied suddenly 7 times. 

No sign of failure. Slightly clouded on 
removal of load. 

The block has been loaded previously to 
10,000 pounds at standard rate. 

Number 104 in table above. 


Faint uniform clouding upper part. 

Tested previously at standard rate. 
Much clouding under sustained maxi- 
mum load. 

Tested previously at standard rate. 
Typical compression failure. 

Typical compression failure. 

This block had been used in sustained 
load tests, 150 pounds per square inch. 
(Plate 5). Cleavage plane developing 
from top to bottom and parallel to 
crystals. 


°F. 


Remarks 


Typical fracture. Like tent with ridge. 
Conical. _pblit from top to bottom. 


“ “ 
“ “ 


Cleavage planes developing. 


Typical failure. Like tent with ridge. 


“ “ec 


Specimens 191 and 192 probably had crystals parallel to load. Types 


of fracture were quite distinct for the two cases. 


All original blocks 5 inches 


by 5 inches were carefully marked to show direction of crystals, and in cutting 
these down to ensure failure at loads within the capacity of the machine, some 
error may have arisen. Blocks were brittle and difficult to saw without chipping 
at this low temperature. 
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BLOCKS AT 28°F. 1,000 POUNDS IN 2 SECONDS 


Pound per 
Number Size Load to | Maximum | suqare inch Remarks 
crystals load at failure 
inches Ib. 
DOA en 4-86 x 5-03] Normal 10,000 Not fail |Crackling at 2,250 pounds. 
DORE Sek 5-00 x 5-00 . 10,000 sf Clouded. 
206.2. Hance 4-04 x 4-06 s 5, 250 320 |Clouded and flowed very rapidly. 
OA eA, 4-03 x 4-06 Sa 3,500 214 |Typical fracture. Flowed rapidly. 
DOS Ma ese 3-92 x 4-03 "3 4,750 300 |Typical fracture. Ridge parallel to 
crystals. 
ZOOS eaten 3:95 x 4-15 zs 5,000 305 “4 a: ‘ 
DOR eee 3-93 x 4-05 ¢ 4,350 273 be < & 
Pat heepetee rig ee 4-05 x 5-10] Parallel 6, 800 329 |Typical fracture. Conical. 
DID ae. ahaa 4-00 x 4-00 Z 4,000 250 ss Ke 
213-6 Acero: 3-98 x 4-03 e 10,000 Not fail 
DO peat ei: 5-00 x 5-00] Normal 8, 000 320 |Typical® fracture. Ridge parallel to 
crystals. 
WAN aoe 5-00 x 5-00 yf 9,750 390 Ge 6 “ 


AWigesasnnae 4-82 x 4-84 ss 10,000 Not fail 


LOADS APPLIED SUDDENLY. TIMES AS STATED, 28°F. 


7A) ee. SR eae 4-86x 5:03] Normal 10,000 in. 409 |Load applied immediatly after standard 
TS DISSCS unl | ett sactscte e loading in table above. (Ridge frac- 
DUS eee ack 3:98 x 4-03] Parallel 8,000 in. 498 ture.) Table above. 
Te 2 SeCSe sania eee Conical fracture. 
PAW AIM IAP ERLE 4-82 x 4-84) Normal 8,000 in. 3438 |Table above. Ridge fracture. 
1 sec. 


N.B.—AII specimens were approximately 5 inches high. 


Most of the tests were made with the load normal to the crystals. but a 
few were included with the load parallel to the crystals. In the former, the 
typical failure was tent-like, the horizontal crystals forming a ridge parallel 
to the loaded faces, while in the latter distinctly conical fractures resulted. 
There appears to be little difference between the strengths at failure under these 
two conditions, and there was considerable variation in results at each 
temperature. 

At 28° F. the average ultimate strength of nine specimens which failed 
under the standard rate of loading was 300 pounds per square inch. Three 
others which had not failed under the standard rate of loading were broken 
immediately afterwards by suddenly applied loads, the average strength being 
417 pounds per square inch. The load in two cases was of less intensity than 
had been sustained previously. 

At 14° F. the loads carried were higher than at 28° F. none of the specimens 
measuring approximately 5 inches by 5 inches failing at a load of 10,000 pounds 
even when this was applied suddenly. One specimen No. 105, withstood this 
sudden load seven times after ‘being loaded previously to 10,000 pounds at the 
standard rate. Of three specimens Nos. 119, 120 and 121 which failed at the 
standard rate of loading, No. 120 failed unaccountably at a much lower load 
than the other two. All were cut from the same block. The mean of the two 
higher results is 693 pounds per square inch, which compares rationally with 600 
pounds per square inch and 625 pounds per square inch for Nos. 116 and 117 
respectively, these being loads which did not cause failure. Of six blocks tested 
under suddenly applied loads, only two failed, at approximately 500 pounds 
per square inch. 
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At 2° F. eight out of nine blocks tested failed under the standard loading 
rate, and the average ultimate strength was 811 pounds per square inch. The 
other block, with crystals vertical, carried over 1,165 pounds per square inch 
applied at the standard rate without failure. The strengths were approximately 
the same for both conditions of loading. 

The tests show that the crushing strengths of the given blocks loaded at 
the rate of 1,000 pounds in 2 seconds were as follows:— 


Crushing strength, 
Temp. °F. lb./sq. in. 
OF: AROS ee er SR REE ey OES 28 Aer A esi gs ML e eid ahs 1 oS i6 ole 300 
TH A eras Sica a sgsbacn TER cvale cera cer ottrcie oils ais aie vt peeh ran eS oheiap eae RRR areas eneteete 693 
DR Mo RTS Te See ECE PS So GeO A OPIS bOI OS Oh OOD mb ote oA ct OS 811 


For other loading rates different figures would be obtained. It has beeti 
shown that the time element is probably the greatest factor in determining the 
pressure of ice against a structure. ‘Conclusions drawn from the crushing 
strength alone are of no value. The crushing strength itself at any given 
temperature depends on the rate of loading. 


MISCELLANEOUS TESTS 


Weicut or Ick.—By measuring and weighing a block of ice approximately 
5 inches by 5 inches by 10 inches at a temperature of 28° F., the weight per 
cubic foot was found to be 57.4 pounds. This figure was used in the calcu- 
lations for the modulus of rupture in the beam tests. 


DEFLECTION OF BEAM UNDER SMALL SUSTAINED Loaps. A beam 2.90 inches 
wide by 1.95 inches deep was loaded on a span of 41 inches by equal weights 
placed 14 inches from each support, as in the tests for modulus of rupture. Each 
load was 4 pounds and the bending stress, including that due to the beam itself 
and the stirrups, was about 55 pounds per square inch. The deflections were 
read at intervals for several days, and on the first day the recovery: when the 
load was removed was observed for about 4% hours. There was about 0.025 
inch recovery in a total deflection of 0.158 inch and under sustained load the 
deflection increased steadily to 0.585 inch in 6 days when the test was stopped. 
The temperature during the test was from 28° F. to 30° F. The following 
table shows the results:— 


Load at each 


Date Hour loading point Deflection in inches 

Rebriary LO9..0. sco ceric: hoe re ee eai ance Dr0d Dale | WOLIErUp ION ya 2. 0-000 (datum) 
5.55 p.m. | Stirrup and 4 lbs... 0-002 
Hebruary 20as:2 secede, aoc anaes oe 10.00 a.m. « 0-158 
10:05 a.m. StieTUpuonlivy. ayes 0-145 
10.15 a.m. soa) SILANE, ob 0-134 
11.30 a.m. i Apl pte ete 0-133 

1, 15:pema.. a ali RT ne 0-132} Steady 
2.45 p.m. SORT A, Cll 0-133 
2.50 p.m. Stirrup and 4 Ibs.. 0-141 
MeDruany cad sake cre aera es ear eketers eae 2.00 p.m. 0-349 
4.45 p.m. © Ss 0-358 
Hebritarya2sist oni oek.. i 2s Oe ee a eee: 10-15 a.m. # < 0-418 
1-15. p3m:. a oy 0-428 
4.00 p.m. e oS 0-435 
Hebpuaryi24 gy 2c Ft Fas ee eee 10.00 a.m. ¥ fe 0-490 
1:00 p.m. w se 0-500 
4-30 p.m. os 0-509 
Hebruaryi25iastet 20m ALS. ees, eee 9.00 a.m. § # 0-567 
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DEFLECTION OF BEAMS UNDER THEIR OwN WeIGHT. Two beams approxi- 
mately 3 inches wide by 2 inches deep were supported side by side with their 
ends free, and allowed to bend under their own weight. 

One, with crystals horizontal, had a span of 54.5 inches, and after 20 days 
had deflected 94 inches or 17 per cent of the span, resembling a letter ““V”. The 
other, with crystals vertical, had a span of 514 inches, and deflected only 1 
inch, or about 2 per cent of the span in the same period. 

Another beam of the same dimensions with crystals horizontal, was set so 
as to project 40 inches as a horizontal cantilever and allowed to deflect under its 
own, weight. The vertical deflection at the free end after 16 days was 133 
inches, or 34 per cent of the cantilever length. 

The room temperature was from 28° F. to 30° F., during these tests, and the 
results show clearly the plastic nature of ice under small loads at this temperature. 
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Montreal for allowing the use of suitable rooms at the Cold Storage Warehouse, 
and to the staff at the warehouse who were directly concerned in the control of 
room temperatures. The author of this report, under whose direction the tests 
were carried out, wishes to pay special tribute to the invaluable assistance 
received from Mr. E. D. McIntosh, of the Department of Railways and Canals, 
and the members of his staff engaged in the preparation and testing of specimens. 
It is largely due tc Mr. MclIntosh’s enthusiasm and skill in supervising the 
testing, that so much work was accomplished in the time available for the tests. 
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APPENDIX G 
CONSTRUCTION PROGRAM 


1. The works required for the improvement of the St. Lawrence are divided 
into five sections. The works proposed in each section are independent of those 
proposed in other sections, but the program of construction has been prepared 
on the basis that through navigation be completed in all sections seven years 
after the beginning of the works. 

2. The time required to complete the through navigation project is largely 
dependent upon the works in the International Rapids Section, as there the 
expenditure is larger than in other sections and the works are more difficult to 
execute. 

3. The opening of the St. Lawrence to through deep-draught navigation, 
with the power works initially connected therewith, under the various plans 
presented by the Board, will require, in round figures, the following:— 


Cubic yards 
GOUNCTETEL ... bahia doe whe 5 Ghee bcseid SaTain bre © cee iehslecee Sate 6s SRS Ee mee 7,000,000 
Harth\ Excavation, (OV; :<, ccc dieses cueveret ove ict sioeeee teeta meawete eieeen neuer eee 80,000,000 
Hartivvexcayva won, Tae Gin Gtine.. . sau rere eslsie hoes cries G 40,000,000 to 50,000,000 
Rock excavations tary piteck ecu ceo eaiee cielonse stare ote, eters ot teeters wEaeeispele 12,000,000 
Rock excavation, subaqueous: «scrim cs cr ties serie alc. aisha Bicusuexs) cneanebins 2,300,000 


The execution of this work will require the acquisition of considerable new 
plant which will have relatively little value after the completion of the work. 
As a consequence, the value of the plant used must be absorbed in the cost of 
the work. This, along with interest accumulations during the progress of the 
work, indicates that maximum economy will be secured by choosing a construc- 
tion period of about seven years for the heaviest part of the work. 

4. A detailed construction program, based on these premises, follows. This 
program is intended to show a sequence of operations by which the work can 
be executed in seven years, but it is not designed to circumscribe the operations 
of the engineers in charge of the actual construction. The program is based on 
completion in seven years after actual construction is begun, with the under- 
standing that unforeseen conditions may force an extension of the time. 


CONSTRUCTION SCHEDULE 


Item SES unEnereeeee see ee 


Thousand sland Section ciardevsssaeee eae ee ee Uo eee esc ene | eee en ee x x x 


International Power Section—Scheme 1-242— 
Dam and power houses at foot of Barnhart Island— 

Construction railroads, camps, construction plant, etc. x x 
Hxca vation Power NOUSES. +22... eos semoeieoete eae clone 
Conereting;power housesay .s. qed hee eee cals 0.0 SU Ons 
Superstructures and installations machinery... 
Construction of dam, to closure............... 
Closurejofidam’ and zaising pool) tem ts Ge. 2h. < ts ofavs tiers aytte, | ae aes. I Pete tel nee | cp cee 
Tail=racb exCa vation .oiy. is cece ells ontyeure iene noted tooke cele eral mea eS hs or |e 


Choy seo | 6 le oe * Liem oe e:0']'e 0s 0.6 8 lee Sie 6 
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CONSTRUCTION SCHEDULE—Continued 


455 


Item 


Innternational Power Section—Con. 
Navigation Works— 


Approach channel above Robinson Bay lock..........]......]......|....-- x 
Robinsons ayvlock.. a4 aiee aes Failed Ae eG ROE | dele ste x x x 
Canal prism, Robinson Bay lock to Grass River lock.]......}...... x x = 
Grassehiver lOcksanGg waste wa Viwsudes as «cit heistatr: | lac cs stoi austavevetei|le & occ ace x 
Approach channel, Grass River lock to river 


ID ilcerentt Grassv il Veli GC KM ae Mette deeb sea oh et OME nell ecavertets’ [tsver scattlllancnatereh [scape alstalieas eB 
Diversion dike and flood channel, mouth of Grass 


River 5 


Died inet south Cornwall Island channel.............)......]..000% x K x 
Excavation, north Cornwall Island channel........... x NET Bee lea Aye en ger ea) nee ee 


Road relocation for canal 


Dykes and drainage Gitehes... Jolt os dos le ated pelereteraneyerens 2 x x x x 


IErOvEC LON) LLOC UIST nie ay. he rtiae ns Genet a «eater REL ee aR | SRN, PL EEIeLe MOLESEY te ek el coatats 
EFOLOCCION! MOLDISD UTE. seer itt AW Pete (ale sisal die ate nehecs ental siarse vats) iat, agin [ieee rat lhsiis anehe 


es i ee os ie iC i i er eee iar rer 


HMourteen-tootilockiatiBergen, Lakes 2200.) ons eee reals |e ole. Le atales Kuler - cits lletneds ober] acstobeare lacie ois 
Control works, head of Massena power canal............[..-.--|ecccec{eceecs[eveces x 
Initial channel excavation— 

PACER INIA © yal On Le ete Miya ne Tae Ca RTs Vd svanoy 2) aheitie 0,8 ofa cpa uiaccnol Giateteceda tis aeaee tots x 


Above: Galopulsland tei: avcwadites alee ce. eatin eee x 


x 
Wiest hrously (Sl and FAs Praesens toss alo abececsta a si seotet x x x XP ieweretalh aretseteil echo’ aie 
x 


@hannelspelowsacut. wwe se tes te ies ke ee oes oe « x 


@hannelipelow Wialone-Wotus LSslandgasceneiele se occsiac ol|oiesieres loves)» oll ove ede Olmak pxrets x 


Sparrowhawk Point to Ogden Island... ......5...02-.[ecseecfeens os 


x 
SP OUGELOU W OL ICS! Hh) Gr AlOp ie levee eter ohe RU chee tama osc: oye sisiei oo! ah 0) fldleise sens ll AQIS x x 4 
VAM TOR RO LOCA LON stele: tins ots .5 Heheiekeee ate eis Pelohehd dea eo veterans 4 aioe eniscsoneld cress) acokg MEUM RES Eee. sot x 
ig lwayarelocationues imi. teens cik ste eboebotieretesscatat ool leesatohe lle a leteuaell fale eke x x 


Clearing pool 


ee ee CC i ie Gr 


Ogden Island Project No. 4-224— 
Channel enlargement north of Galop Island............. x Rta OR graven Ihe A esali hay ba. lhe ShsecheNimcge hs’ 
Damin:channel north of; Galop! Island). «.......)....+- 0. 0l eee oe Ky NES NMR Ps ores eee ley Orcs [eae 
lxcavation at Chimney nCoimb:2 nase, : 2 elise stele shave b ord Settee x x Xela karlhh aeyFalsew tes 
©offerdams, south Galop channels. .dscccccde. ese sneesbancee Pulesthee 9 LS cae sta ek © 25 Bel ae Oe 
Excavation O1 southi Galop Channel. ck wcios «se staelsitic ae Sth) iateeal etait xe Keath creed ers Were. cicks [Lae es. 
HREMLOVAIKOL COL CLO AISA. PRAM see ose RO alle wad /d Reva Icuetessuayelievere aia 94 aevsceeatelliear ens iene x 
Excavation, Sparrowhawk Point to Ogden Island.......]......]...... x Xba iliet YR tells ode lines bee - 
Diversion at Ogden Island and channel south of Ogden 


Island... 


sew e eels wr eeee 


Dam in diversion at Orden Island) j.4.25 045000 0e0e ss [ereeon Ke aes ls seat (bee: seve eee A et at 


Lock at Ogden Island 
Power house south of Ogden Island 


Cofierdami north of Ogden Island: ...2.. #..52..-.himneen |eeaaee BN ee SCE ae ol ao ord Mec el ees ee 
Power house substructure north of Ogden Island........]......]...... x x xe 
Diversion through Long Sault Island................... x 58 eb. iss heehee bars ed echvsps tel lee Bos 
Dam in-southssault channel sve., Pie ises « ceeyeeeert heeee |eeeeiens 5 NE AAT Rekoths Bi [ser Ree tg Sec (Pe 


Damnvatiheadeotaparhartaslan see prskerseislecsva cies seys ACR as | horas | eT sl ee aia x 
Power housesiat toot of Barnhartilsland®. s.4.. 6 seas cerns ee lieede s allele x x 
Hxcavationat toot Of barmbart slandssndnes <ees eae etic ao eet aerate x 


is ry 


Hxcavatios Of Grass iver lock a.m. cesses + apie millet x Xl, spree Meyers waa sleek <6 
@onerete iniGrass, River locket ci. cada esr le TTR «eh Pho oeeeie bc okbvs se x x 
Excavation of channel, Robinson Bay lock to Grass 


River... 


Concrete in Robinson Bay lock and guard gates.........|.....-|..0.--[ecceec|eeeeewleeeess 
Excavation of channel above Robinson Bay lcok........]......J....../......].0005. xe 
Excavation north and south of Cornwall Island.........]......]......]...... x x 
Lock for 14-foot navigation, Canadian mainland.........]......J......)...206]- exits |e ctes 
Diversion of Ottawa and New) York Ratlroadien wee asides. sels. ie fakaeaileleiese x 
Dykes and drainage ditches, Morrisburg to Barnhart 


Island... 


New Massena, Canallintakeien, sacccc nicer acc ceilatee tiie tet eiiab Eileen x x 
DVACES, United States, SIO sterecprcte scot Sickie « s bic n opeeea te | tke caves | eReneee ha ishevas tales Ave taheravat Nee ihe « 


Chrysler Island Project No. 5-217— 
Channel enlargement at Chimney Point................]...... x x Kell No tered hese aeteliorstae: <:s 
Channel enlargement north of Galop Island............. x DBs ced eed heey et re) 


eer ereleoeese 
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Item 


Chrysler Island Project No. 5-217—Con. 
Daman channel north:ot Galop island)... seen eee a. need Xcel eeligs eal eee lea BE 
Cofferdams above and below channel south of Galop 
NIE Hite Reais eter eae 5: Smet Ente Weey Sek MEENA yk os ah oem eM (Bete Cc olen eect Tt | SER nee sl oe cee al ae 
Excavation of material in south Galop channel. ........}......]...... x XO beMAD, . cvillecrncy nlite oes 
Removal of eotrerdams, bo Athlete oe oe ot ee ibs oes [oto eet eee. ell eee eae en oor WR Eas Sa ee 
Enlargement of channels, Sparrowhawk Point to Morris- 
OUI OIE, bs 2 Sc eae Ne ba a eae excoh ea Stance De Ree kone edd | ic ae eae x Keyl sare | 3 to chal He Raven. 
Cofferdams at sites of United States and Canadian 
power housesi@hnyslerilslandi)...eiiqacenacteee see ean x X., | caletineul case leaned IRE ee ee 
Construction of power houses at Crysler Island.. ved Ae x xe Keypleted oniareimercb eh besaccs 
Lock for 14-foot navigation and part of dam at Chrysler 
Roland <4. ASR Peek. Pee se ys eee ea a bee x Sailtie? Beles ewe by Shs eed 
North.2:200 feetiof dam.at,CryslenmIslands....2 ccm: ats 0 |e eee x Koh lbatege, cea) tabi wets) nt Boh 
Excavation of sites for lock opposite Weavers Point.... Ks lisse maeteutul er etees NSS NERS) Seaver Reale een ole 
Wonstraction of above lock Aa sc ee mee At eee ean eee x Korot. h wales Bes iltott 
Excavation of material in channel above and below lock 
opposite Weavers: ont oh... cee ae ee meee. |S aee al seeeen Ke Xe rile ett Aaultas sae he 
Diversion of Grand Trunk Railway and building of 
dykes, [roquois to Cryslerisland $22 455 secre c..5| eater eee x X Pylcic ex eae asl teat 
Excavation of head-race North, Crysler Island power 
We YoY (pen Bee! MOD Prony Rec ee aL mney Kar Pen! a ath eariA Pa RE Al Vinci oly & x <olathaws cca | area 
Excavation of tail-race rock, Crysler Island power house]......]......|.... x pee sia OS te ee 
Diversion through Long Sault Folandcee .ia-y paneer x x Kg carey Sects ep eae let a 
Damin southcaultichannell.) 2p ka-14. dia wees eres slaee ees X, sckians'| acace Sell SOO eee tee. a 
Dam at head of Barnhart Island.. avis Bases! suo siGes aver] ole elcuiasy ERLE OT x x So nS ee 
Power houses at foot of Barnhart Telabdacadute cl dcculcss a ee % os x xi 
Uxcavationatiootomovam bani slslanict mun eheyscnetan-sialneeee alaaasralen non se XK x xi 
BxeavationofGrass Raver locks 5. 46h cheer beac aleee x pa (nes 2 nnn | ar Sieel fr ae 
Coneréte 1m Grass River loc katy caer ste be eee rk ne olla is | eel Ce x i i eae Be | Pa BOE 
Excavation of channel, Robinson Bay lock to Grass 
RAVE Ba eh eee Peet RE Reenter =. Feel eee ee, CU x Bx Uh ducal || Meee 
Conerete in .Robinson Bay lock‘and guard gates. )c2.5. casas aie vc). foetal cee Siar x ome 
Excavation of channel above Robinson Bay lock........|. 0.20). -0. 0.) -..0 clea: ee. xe x 5 
Excavation north and gouth of Cornwall Island.........]......J......)...... x me x x 
Lockfor 14foot nav igations Canadian mainland 2s. ould. dats lleeeste oe eee eee Komalheeeg tf. 
Diyersion:of Ottawarand..New, (Railroad... doa dee oe <e sle ss aeralen a. Ene ape e Ki Sedalia 
Dykes and drainage ditches, Morrisburg to Barnhart 
Tekan did stent hhh ee ees at ek ge eh ein del gle aa cat lly ae oy spas x x Koa ice 5 NE 
New-Masseng, Canallintakel.. 055 as. cabr-seruced sevaieids st Meete NGPA Rei. el ewe x 5 aa ee Mos PI 
Dykes*United States:side:a<) 070.0... 0.42 gee: ae, 8 Ce en gers Ecteee palliphee eta ect he x x 
Lake. St.g Fran 61s S eotions techno aua pve ese Petenensnebeioienen 2, od. a0e (cass tone al eat eee | X x x 
Soulanges Section—Ile aux Vaches Project—ist Stage— 
Diversion of Riviere Delisle west of Coteau Junction... . So hicde eal ely eel eh eye etl ently 
Excavation of site of Coteau du Lac lock................ OHNE Sel Oeediak Ble fratello ol gtad is 
Construction of lock.at Coveauidutliac. o.oo. sen. e- aellaaeeee tay d4sr02% lah. F allsseece All erated tee ois 
Construction of side canal, Coteau Landing to Coteau 
du Lac, with breakwater at. Coteau Landing..........|...... x XS shed scl: dey beste deere =: 
Construction of lock at Cascades Point................. x D Game lecheee ee eka: en | Meters eee Oe | ea ee 
Construction of locktat Chambery (Gully) ces ass ee ee x Sy Nees 8 Aegan oP a 
Removal of materials required for side canal, Cham- 
berry lock to Cascades lock, and construction of 
iv ke: ad JaCenyt. sic... baccscnaced- ass sccdbeee ace ote eRe IE oll eh x SOP, | Pasties Pee ante ete Muck 
Removal of material in side canal, Cedars to Cham- 
berry Gully locks. .h<s vendbedis: Jae eo ea eeetcea ae IN Cs ei: x x SEE etecayail ase 
Construction of syphon culverts east of Provincial power 
house, with channels between Soulanges Canal and 
TIVOrs Mtr ee eR IPE RD Meet eccalins ss RURAL. x Soll t skeeleeadel lark alee ha 
Construction of control works at Clark Island and exca- 
vation of diversion channels, Clark Island to Broad 
Island; relocation and reconstruction of Canadian 
National Railway on Clark Island and Grand Ile...|......]...... x x x So Bethe 
Excavation of diversion channels east end of Grand Ile. . x Xs wh otha a ele Saal eee ce 
Construction of dam and substructures of power house, 
Tesfuillet toWletaux! Vachessiss eaceeke xe aaess bee x x X ey (A abpes etle: fomilifat waht 
Construction of dam, Ile aux Vaches to Cedars, with 
BUbstruUctures Of POWEF MOUSER. 22 FF ais kvcescousus useseeuczsyal ROAM area sleek x x Keds |e Nia. 
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Year 5 
Item — 
1 2 3 4 5 6 7 
Soulanges Section—Con. 
Constractiomolidamy Grande Lettodle Juilletey 2m. [Asse Ree a al. eae eevee ee x x 
_ Construction of dykes, Coteau du Lac to Cedars, dykes 
OUR G TANG Celie Pen eee EA eR tiae ath ais echet came nies oll eam ches x x x > died lame te a's 4). 
Deepening of Soulanges Canal and closing of the present 
OuLlers ot Delisle, Rouge, and A la Graisse Rivers..|o- els oct clock ole le eee x Xx 


Completion of entrance channels at the head and foot of 
the Section and enlargement of Coteau Rapids at 
TRV iG hl ASI ENG ba ey conan ean eae spare eee lani-abecrel jean tenet |e be wel Weert oop Wr aptave Se x x 


Lachine Section— 

Removal of material in submarine channel, deep water 
Makeist.Wwoulsoold lock4No. 5) Lachine?! 4. en. eet Ie. eee K ce x x 
Construction of syphon culverts at head of the aqueduct 
Onpheu@ ity Of Mongrel. bis Pa Be se 
Excavation of sites for locks at Montreal, Nuns Island..]...... x ee L aS ae NOR EME AP 
Construction of locks at Montreal and Verdun...........]......J...... x x 9 Willots ae eh ad Bc 
Construction of new intakes for Verdun and The Montreal 
\WaleranderOowemOOn ses er tt ne en ee ne nee 
Construction of timber-crib walls above and below 
Canadian Pacific Railway, New Highlands........}......]...... xe re ere ke |e eon Sy 
Excavation of material in overland canal, Lachine to 
Biercl uae y TARR y RAND. 2 FETEE OCR SEE TERY ILE x x x Saat) . FARK: 
Excavation of site of Verdun lock and preparation of 
foundation tor dykes, Verdun to Nuns Island): ceo. ee- sol) aus Ale nae 5 dias |Past ides crcl fk ope 

Construction of lock at Verdun and guard gates above..|......]......]......J....0- x x x 
Gonstructionjof dy kes;|Verdun to Nuns Jsland ajo! 3’. 3h .aoe ib Gk. 4]. 2 eet x Xplore 
_ Removal of material in prism, Verdun to Nuns Island..|......|......|......)...... x > abel aga ia 
Construction of culverts under Canadian National Rail- 
way embankment at Point St..Charles...0...:.....)..7...]/..085. Sgr Pees Oe Rte ae od Reng ca 5 Aaved 5 & 
Removal of material in prism, Nuns Island to Montreal 
OCI EE Pe ae Rte RU Ree ee See erie: 
Construction of walls and dykes, Nuns Island to the 
HOClie at Mont rect on: hee ercpys Aen rth whee eat acee - nicerylee eRe ts tee opel eae earllethen meet sn x x 
Construction of supply weir and dykes, Nuns Island lock 
FO PICTOUBLSMORe he Mes: SEERA UM GARE ah Se) ah ERAS IAA og Slick bead bebe dh ime x 
Consimuction,o! Gamat Lean Diablesse seh, .ceis ees. |e obi: (REO | Bre h ents pees x x X 
Construction of high level bridges at the Canadian| ~ 
Pacific Railway intersection at Highlands and the 
Canadian National Railway intersection at Victoria 
UBC KG VX aie UY RE GEAR eee he ERI Are nea y ec ea MITE oe Awe) Conte BM fe ome e orcg| hoes er pea ed cee eee x x 


5. The following remarks explain the foregoing program :— 


6. THousAND IstANps Section. The plans for this section show material 
to be removed at about a dozen places. The work to be done at each of these 
places could be allotted to a separate construction agency, but lower prices will 
be obtained if the number of such agencies is reduced to one or two, as larger 
plant will then be utilized and overhead expenses will be proportionately small. 
In this section the material to be removed is not large and can be done by one 
dredging outfit in three years. The plant required is not special and would not 
have to be built for this work. As a consequence, this work need not be com- 
menced until three years before the time chosen for the completion of through 
navigation. 


7. INTERNATIONAL Rapips Section. As explained in Appendix C, there 
are a number of proposals for the improvement of the International Rapids 
Section. 
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8. In the single-stage project with the main dam and power houses on deep 
foundations at the foot of Barnhart island, the time required for the construc- 
tion of these structures determines the time within which the project can be 
built. The time chosen, however, gives maximum economy for the general 
excavation work. 

9. If the alternative is chosen of placing the main dam at the head of 
Barnhart island, it will be necessary to construct diversion works before work 
on the dam is begun, and no substantial saving in time of construction is antici- 
pated. 


10. ImproveMENT By Two-stTace Prosects. With either of the two-stage 
projects, a diversion at Galop rapids is required to be completed before the 
channel south of Galop island is unwatered, or work is begun on the improve- 
ments shown in that channel. This requires shifting of plant, and concentra- 
tion of forces on three works, one after the other. Estimates show that the’ 
work at Galop rapids can be done with a moderate amount of plant in four or 
five years. The excavation at Galop island cannot, however, be quite com- 
pleted without a reference to condition of works at Ogden island, or at Crysler 
island, as the case may be. The cofferdam at the head of the south Galop 
channel cannot be removed before the water level below is raised. 

11. With project No. 4-224, the dam, power house, and lock at Ogden island 
can be built without special regard to what is done at Barnhart island, but 
the completion of all channel enlargement between Lotus island and Ogden 
island is required before the plant at Ogden island begins to operate. In this 
project the works at the foot of Barnhart island must be built simultaneously 
with, or subsequent to, the works at Ogden island. They should not be built 
before the works at Ogden island, as difficulties would then arise in constructing 
the upper works, and in dealing with ice conditions. 

12. In this project the excavation of a diversion channel through Ogden 
island is required before the main channel of the river can be cofferdammed 
and before the construction of the power house at that point can be begun. This 
involves some shifting of plant, but it will not involve loss of time, as large 
quantities of excavation have to be done between Lotus island and Ogden 
island which can be delayed until the diversion channels at Ogden island are 
completed. The unwatering of the sites of the power house at Ogden island 
should not prove difficult after the diversion channel is completed, as the solid 
rock surfaces are not far below the water level at that point. 

13. The work at Barnhart island and at the foot of the section in this pro- 
ject are generally the same as in the single-stage project with the dam at the 
head of Barnhart island, but on a smaller scale, and involve the same construc- 
tion problems. 

14. With the two-stage development, the lock and canal at Ogden island are 
closely associated with the works to be built in the river and both should be 
completed at the same time. However, the locks and side canal required for 
carrying navigation past the lower dam and power house at the foot of the sec- 
tion are not closely associated and the construction of the lock can be delayed. 
A lock for passing 14-foot navigation is required north of Sheek island in order 
to connect the water level as it is raised with the present Cornwall canal. 

15. Cryster Istanp Prosect. With project No. 5-217, a construction pro- 
gram much the same as that above described for project No. 4-224 is required 
at Galop rapids and at Barnhart island. At Crysler island the works proposed 
are different from those proposed at Ogden island and a different procedure is 


required. A lock for passing 1-foot navigation is required in the dam at the 
outset. 
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16. The side canal and lock at this point can be built without special 
reference to the dam and power houses. Some economy is, however, obtained 
by bringing the lock and side canal into use when the water level in the river 
is raised above elevation 229. Estimates are prepared on this basis. The eleva- 
tion of water passages in power houses at Crysler island will permit water to be 
passed through them after their construction, if desired. 


17. Lake Sr. Francis Section. The execution of the work in this section 
requires the dredging of 1,584,000 cubic yards. This can be done by one dredge 
in three years. 


18. Soutanars Section. In the Ile aux Vaches project, progress must be 
well arranged in advance, as the several works are dependent upon one another. 

19. To prevent flooding of the lands north of the Ile aux Vaches pool, the 
water can not be raised above elevation 140 before the present Soulanges canal 
is utilized as a drainage outlet, and consequently abandoned for navigation. A 
new waterway must then be ready to pass ships of 14-foot draft at elevation 
140. At this stage the canal and enlargement of the river at Coteau rapids and 
the dam at Cedars must be practically completed. The side canal from Cedars 
to the Ottawa arm of lake St. Louis must be ready to hold water at elevation 
140. 

20. At the beginning of the winter chosen for the transfer of 14-foot navi- 
gation from the present Soulanges canal to the new canal, arrangements must 
be made for the closing of the Soulanges canal above Coteau du Lac and the 
joining of this canal with the syphon culverts Just east of the Provincial power 
house. This must be followed by the lowering of the water level in the Sou- 
langes canal and the deepening of that canal to the extent of about 9 feet. This 
is to be done to enable the old canal to carry the spring discharge of the Delisle, 
Rouge and A la Graisse river. 

21. During the open-water period after the Cedars reach is raised to eleva- 
tion 140, the various works will have to be put in shape for a higher level, as 
winter conditions will require a rise to about 148 in order to operate with safety. 
This will require the completion of works at Cedars eight months after the 
Soulanges canal begins to act as a drainage canal. 


22. LACHINE SecTIon. The project for the Lachine section can be built 
without interfering with the power development and without interfering with 
1-foot navigation. 

23. The works proposed in this section can be separated into many parts, 
each of which can be built and completed without regard to others. Before the 
works between Nuns island and Victoria bridge can be completed, it is neces- 
sary to build culverts at the north end of Victoria bridge to care for drainage. 
It is also necessary to change the intake works of the Montreal Water and 
Power Co. and those of the city of Verdun from the river to the Montreal 
aqueduct. 

24. Before the 25-foot canal for improved navigation can be built across 
the aqueduct of the city of Montreal, it will be necessary to divert the flow at 
the point and to construct syphon culverts under the new canal. 

25. In the project presented, a dam is to be built across the river at Ile au 
TDiable. This can be constructed by ordinary methods, as the solid rock at that 
point is close to the present water surface and the river is not deep. 

26. The work in the Lachine section can be economically done in about 


slx years. 


Adopted by Board July 13, 1927. 
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